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EXPERIMENTS AT LEMON CITY, FLA. 


OILS, TAR PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK.! 


_ The second series of experimental bituminous treatments of coral- 
line rock roads in Dade County, Fla., under the direction of the 
United States Office of Public Roads, was installed on Biscayne 
Drive about one-quarter of a mile north of Lemon City. The bitu- 
minous materials used were several barrels of the oils remaining from 


Notr.—This bulletin reports the results from a number of experiments in dust prevention and road 
preservation conducted by the Office of Public Roads in 1914. The materials used and methods employed 
in the experiments, the several kinds of roads and varying conditions of traffic, and analyses of materials 
and cost data are given. 

——_|__ 

1 Information regarding a similar series of experiments constructed at Miami, Fla., in 1913, will be found 
in Bulletin of the United States Department of Agriculture No. 105. 
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the 1913 experiments at Miami and two water-gas tar products - 
donated by the manufacturers for this purpose. The oils had been 
stored without protection from the weather, and were in pocr con- 
dition, principally through the presence of water. 

The excellent results obtamed in experiment No. 6 of the original 
series of experiments at Miami could be attributed beyond question 
to the use of screened rock instead of the ‘‘run of the bank” material 
used in the other experiments. Consequently only the screened-rock 
type of construction was followed in these experiments. The rock 
was quarried from the Lemon City pit, which was the nearest source 
of supply. It was comparatively soft and decidedly unsuitable for 
bituminous work of this nature, due to its tendency to crush to pow- 
der when the screened-rock course was even lightly rolled to make it 
conform to cross section. In some portions this created a surface © 
condition similar to that existing in experiments 3, 4, and 5 at Miami, 
described in the previous report. This soft quality and the presence 
of a considerable proportion of fine material, which it was found 
impracticable to screen out, made the surface very susceptible to the 
binding effects of rain. 

The work began at station 0+00 at the north end of the project 
on January 6 and continued intermittently until February 7. 

The general method consisted m scarifymg and regrading the old 
surface, after which a course of new screened rock was spread to a 
loose depth of 24 inches. This course was shaped by a very light 
rolling before spreading the bituminous material over it. The excess 
of bitumen was absorbed by a covering of sufficient fine white sand 
from near-by pits, and the road was finished by thorough rolling. 

Frequent rains and showers durmg the work considerably delayed 
its progress and produced surface conditions which prevented the 
best results bemg obtained. It is clearly demonstrated that the 
greatest difficulty to be overcome in any future large-scale construc- 
tion of bituminous coralline-rock roads is the harmful effect of rains 
on the prepared surface before the application of the bitumen. The 
high cementing power of the rock causes it to bind strongly when 
wet, unless the dust is entirely removed in the screening. The sur- 
face is thus rendered more or less impervious, and the treatment 
becomes in effect only a surface treatment. This difficulty may be 
met by performing such work in the dry season of the year, or by 
keeping at all times the prepared surface work and the bituminous 
application well together. 

The equipment was the same as that used at Miami, consisting of 
a 10-ton gasoline roller, scarifier, grader, two 1-barrel heating ket- 
tles, and hand-pouring pots. Analyses of the bitummous materials 
used are given in the tables following. 
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Taste 1.—Analyses of asphaltic petroleums used in experiments at Lemon City, Fla. 


Light. | Heavy. 


E-xperi- Experi- 
ment 2. ments 1,3. 


SIGMA ANI CPD sh doo eedkco chabsaceeSygedeesoesGsuuaUecoacmoosensnuaoad 0.960 0. 992 
Flash noe ae af A doome bose re Oates cae eH edooo PUES ER OCDRA Se DEAE DOO BE anCore “lee 42 105 
iDwenimMing MOIiss Boodessendossondasebsesne ous EboeauSoousUEEsocbosbacsERasaeeE ACs 67 145 
Viscosity, Engler, specific Be SES A ECR AE OHO cis SE SEEPS oF ae aaa Ieee 6 we 1152. 4 29.0 
WOSSwoO MOULSTa tel Osa Cyc20 Sra MU Speen a feicmiets ce rclieia)srats atelsteinperieleretereals per cent... 27. 53 16. 33 
Float test on residue, 50° WS (GI) py os ete nei a bea BAS ate ce i UR aca 3 2/ 19// £2’ 40/” 
Percentage of total bitumen insoluble in 86° B. maphthay” 32ers Sees eee ene 10. 40 10. 83 
TDIDK@CL CA OOM SUS 45.5 do Saeco Ube ca bose eps anpeasonneoeenEasonsheehadeca- per cent.. 5. O01 5. 82 
SoluplewneC Sa Gotaliortumlen) esse ace ae cie rere ola) aiasaie cic ic lar reteiepeleisiersine dose. 99. 94 99. 94 
Orzanicimatier insoluble mete es soso ee SSS SE ESS eee oe does: 06 . 04 
Inor SAM CHU AUCCLAMS OUI Cevapeaeyatey stare ove efaveloi-]s/ayvarer= laters) eloin o/aieyaysieteisyoreatsiorsiere doze ALOK al oe -02 

BING Gre pee eager eee TS tS enc a Shclale. or cichs, oieys Vere miniege tee aetna doves. 100.00 100.00 

1 At 25° C., 50 c.c. 2 At 100° C.,100c.c. 3 Soft, sticky, with slight flow. 


TABLE 2.—Analysis of water-gas tar preparation used in experiments at Lemon City, Fla. 


No. 1 No. 2 
SDECIIC ror AVA by 255 yi) 207 © aes eryerclese aeisicla sintereiniets tasersraeie nese aera 1.084 1.120 
Viscosity, netee a HOO CEASDeCI CHa jetnse oe eece tote 113.3 224.5 
THE (924 X00 SOR Gu co eq ser oe rodecacase- oceanic Saceearasbr per cent.. 1. 54 1,75 
By vol- By By vol- | . By 
ume. weight. ume. weight. 
Distillation: 
NUNES Ss on SEAS O RS CSS O SOS CORE NEMO meta rutts per cent... 0.0 0.0 0..0- 0.6 
First light OUSHOMMO RC Fas toh Swe Sak doze. Eo 5 31.0 6 
Secondiightioils 10°70" C.)\. no. eg. tee cee dow 41.1 8 3,8 10 
eavays0uls} @LZOS— 2710 Coie ey eS es wy acne) do.... 3 34. 6 31.1 3 20. 4 17.5 
IsIGENA, CUS CLO =3i lb CS) paaanonsoacenosseonoacneaeoE doses 514.1 12. 5 6 13. 4 11.7 
PALCHELeSIGUCs aso ate see eGo cee Lote see we dokes 749.5 55. 0 864.4 69. 6 
HOE SAN celina Bn ores Re eB ORT Te Ot do.. 100.0 99. 9 100.0 | 99. 9 
1 At 25°C. 
2 At 50°C. 
3 Clear. 
4 Cloudy. 


5 Clear, showed 15.0 per cent insoluble in dimethyl sulphate. 

6 Clear, showed 12.5 per cent insoluble in dimethyl] sulphate. 

7 Hard, glossy. A 315°-350°C. fraction showed 17.5 per cent, and a 350°-375° C. fraction showed 12.5 per 
cent insoluble in dimethy] sulphate. 

8 Hard, glossy. A 315°-350°C. fraction showed 11.25 per cent, and a 350°-375°C. fraction showed 10 per 
cent insoluble in dimethy! sulphate. 


ExpertmMent No. 1 (Heavy O1r—PENETRATION METHOD). 


Location: Station 0-+00 to station 0+35.8=35.8 feet. 
Area: 71.6 square yards. 

Method.—It was attempted to produce a surface similar to that 
of experiment No. 6 at Miami, but with a heavier application of 
bituminous material. The conditions were adverse in the uneven 
texture of the surface caused by crushing under the roller, as men- 
tioned above, and in the low temperature at which the bitumen had 
to be applied on account of its tendency to foam when heated. The 
application, though made evenly, puddled badly and produced, after 
the spreading of the sand, a rough mat. The bitumen was applied 
at an average rate of 1.26 gallons per square yard, and allowed to 
stand for about four hours, when it was covered with sand and rolled. 
This treatment, in general, appeared to be a failure. 
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Experiment No. 2 (Ligut Om—PENETRATION MeETHOD). 
Location: Station 6-+35.8 to station 0+58.1—22.3 feet. 
Area: 44.6 square yards. 

Method.—This section was intended to be a part of experiment 
No. 1, but owing to the destruction of the barrel markings during 
storage, a kettle of the light oil was heated by mistake and applied 
here at an average rate of 1.12 gallons per square yard. It was 
entirely absorbed during a half hour’s standing, after which it was 
covered with sand and rolled. 

EXPERIMENT No. 3 (HEAVY Om—PENETRATION METHOD). 
Location: Station 0+58.1 to station 1+65.9=107.8 feet. 
Area: 215.6 square yards. 

Method.—The apparent failure of experiment No. 1 necessitated 
a return to substantially the same method as was used in experiment 
No. 6 at Miami, although the poor working conditions did not promise 
equal success. The application of hot bitumen was reduced to an 
average rate of 0.89 gallon per square yard. From station 0+58.1 
to station 1+ 39.0 the actual rate of application was 1.01 gallons per 
square yard. From station 1+39.0 to station 1+65.9 rains during 
the previous night had so bound the surface that the rate of applica- 
tion had to be reduced to 0.54 gallon per square yard, and little more | 
than a surface treatment was obtained. The sand was applied and 
rolled as usual. 


EXPERIMENT No. 4 (WaTER-GasS Tar PREPARATIONS—SURFACE TREATMENT). 


Location: Station 1+65.9 to station 1+95. 4=29.5 feet. 
Area: 59 square yards. 

Method.—Owing to the Soni eneres of the work from January 13 
to 29, this section of the road had become completely water bound by 
rains and heavy traffic. The surface was thoroughly swept with 
rattan brooms, and water-gas tar preparation No. 1 applied without 
heating at a rate of 0.25 gallon per square yard and allowed to 
stand for 24 hours. Water-gas tar preparation No. 2 was then 
applied at the rate of 0.42 gallon per square yard and allowed to 
stand for about four hours. By that time it appeared to have reached 
its maximum penetration and was covered with sand and rolled. 
By the use of the light tar preparation applied directly to the surface 
of the rock and followed by the heavier product, it was hoped to 
secure greater adherence of the bituminous surface than had pre- 
viously been obtained in strict surface treatment, and at the same 
time build up a comparatively thick wearing coat. 


EXPERIMENT No.5 (WaTeR-GAs Tarn PREPARATION—PENETRATION METHOD). 
Location: Station 1+95.4 to station 3+34.4=139 feet. 
Area: 278 square yards. 
Method.—The screened-rock course was constructed as usual, but 
by rescreening the rock the proportion of fine material was consider- 
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ably reduced. Conditions were generally better than in the other 
experiments of the series. The bitumen (water-gas tar preparation 
No. 2) was heated to an average temperature of 90° C., and applied 
at an average rate of 1.08 gallons per square yard, covered with 
sand, and rolled. | 

EXPERIMENT No. 6 (CaLctumM CHLORIDE). 


In connection with the foregoing series of bituminous experiments, 
- a section of ordinary coralline-rock surface was treated with an 
_ application of calcium chloride, which is a hygroscopic salt obtained 
as a by-product in the manufacture of soda by the Solvay process. 
No record of the cost of this work was obtained. 

The coralline-rock road is at its best when slightly wet or moist, 
and its rapid wear occurs when dry. It was hoped, therefore, that 
the application of a hygroscopic salt in this area bordering on the 
ocean would have the effect of keeping the surface damp, thus secur- 
ing a serviceable and lasting condition. 

Seven drums of calcium chloride, each weighing 350 pounds net, 
were furnished by the manufacturer. Five of these drums were 
-used, the remaining two being reserved for a second application to 
the center of the roadway when necessary. The section which was 
treated on January 28, 1914, lies immediately north of experiment 
No. 1 and is 590 feet long and 18 feet wide, containing an area of 1,175 
square yards. The rate of application was 1.49 pounds per square 
yard, heavy in the center and light on the extreme sides. The mate- 
rial came from the drums in a lumpy condition and was difficult to 
spread evenly. After several weeks of wear the surface was damp 
at all times, but pitted to some extent, showing bare rock in spots. 


SUMMARY OF EXPERIMENTS AT LEMON CITY, FLA. 


When inspected, on January 16, 1915, none of the experiments on 
which bituminous materials were used showed any decided evidence 
of failure. No. 1 appeared to be in slightly better condition than No. 
3, on which the same heated oil had been used. It was fairly smooth, 
had a good cross section, and the bitumen still possessed life. 

Experiment No. 2, where the light oil was used, was in good con- 
dition, but the bitumen had a brownish, dead appearance, and the 
individual rock particles showed throughout the section. 

Experiment No. 4, which received the double surface treatment, 
showed a fine-grained mosaic surface with a few incipient potholes. 
It had not worn appreciably below the adjacent section. 

Experiment No. 5 had a perfect mosaic surface, with slight indenta- 
tions around the individual particles of stone. The bitumen had 
become quite hard, and the section should be given a light surface 
treatment at an early date. One depression was noted in this experi- 
ment, on the west side, at the joint about 55 feet from the south end. 
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EXPERIMENTS AT WEST PALM BEACH, FLA. 
OIL, TAR, OIL-ASPHALT, CORALLINE ROCK. 


These experiments, located on the Miami-Quebec highway, about 
2 miles south of West Palm Beach, were constructed in April and 
May, 1914, by Palm Beach County, under the direction of the Office 
of Public Roads. The purpose was to develop a more economical 
and durable road surface than is obtainable by the use of coralline 
rock under ordinary methods of construction. 

There are in this county about 150 miles of hard-surface roads. 
The material used exclusively for this surfacing is a soft, odlitic 
limestone known as coralline rock, or locally as simply ‘‘rock.” 
It is obtained from two pits in Dade County, which borders Palm 
Beach County on the south. One of these pits, located at Fort 
Lauderdale, furnishes a coralline rock which is softer than the average 
and contains a considerable proportion of sand. For ordinary con- 
struction, it has given apparently satisfactory results. The rock 
quarried from the other pit, located at Ojus, is blasted and excavated 
from under water. It is comparatively hard and contains a relatively 
‘small amount of fine material. It was therefore chosen as the more 
suitable of the two for bituminous construction, and used in the 
experiments. 

The experience gained from the construction of the experiments 
at Miami! and from their inspection after long usage by traffic 
showed conclusively that the best method of treatment involved 
the use of rock from which the finer particles had been removed to 
provide for uniform penetration of the bitumen. The experiments 
at West Palm Beach were therefore all constructed on this basie 
‘principle. The general method of construction preparatory to the 
application of the bitumen was, in brief, as follows: 

The preparation of a thoroughly compacted subgrade parallel 
to the finished surface and composed of the rock originally in the 
ee upon this, a course of screened rock with a uniform loose 
depth of 3 inches, lightly Cee to allow a maximum penetration 
of bituminous material. 

The sereened rock used was produced at great disadvantage and 
consequently high cost. Furthermore, in Addison to screening out 
the material below one-half inch in size, it would have been desirable, 
if practicable, to screen out all above 24 inches. These larger sizes 
had to be picked out by hand by the rakeman on the screen and by 
the spreaders on the road. In any large-scale future work, a small 
crushing plant, elevator, revolving screens, and bins should be 
installed, preferably at the quarry. All rock was spread by shoveling 
back from piles dumped a little in advance of the work. 


1 Bulletin of the U. 8S. Department of Agriculture No. 195. 
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The sand used, from which roots and grass were removed by the use - 
of a 2-inch screen, was a clean, white silica obtained at the roadside. 

Dustless screenings, so-called, were obtained by rescreening on a 
1-inch screen all rock that had passed the 4-inch screen. All material 
passing the }-inch mesh was classed as ‘‘extra fines.” About 33 per 
cent of the rock passed the 34-inch screen, of which one-half was 
recovered on the }-inch screen. There was no appreciable change 
in volume between the pit run and the screened rock above one-half 
inch. 

It was found necessary to extend the width of the subgrade from 
12 feet to 15 feet on account of the thin depth of the original rock 
outside the former width. This was done by trenching the sides and 
backfilling with sufficient rock to give the required grade. About 15 
per cent. of the total cost of the work was expended in this manner. 


EXPERIMENT No. 1 (Resrpuau AspHattTic PETROLEUM—PENETRATION METHOD). 


Location: Station 0+00 to station 14+02=—102 feet. 
Area: 170 square yards. 


TABLE 4.—Analysis of residual asphaltic petroleum. 


meppeitic eravity 25°/25° C25. fo owe Ges ee ee Oe re ere me ey ee eee 0. 989 
Plashspolmtet.cm 2. aes es eS rh I ee a eS cn Ar Of 130 
WENA ON... 2 eo eee ee SA a aie eens Meee ai OS 155 
Viscosity; Wavler’ 100 «.-c) at 1002 specine.< 2 ea a ee 9.8 
Piloat test Ab 32°°0- (hime Oke es ee eee es ee ee 44/7 
Pigat test-at BO° ©, (dame) ses oath See, See eed Se eee nar 
Toss; 5 hoursiat 163°C | 20 cxramay 2, Benen? SN. obs eae eee per cent.. 13.74 
Wioat fest on-residue at 32° Cs Game). 6. 40 Ske Be, oe eee alee 
Float test on‘residue at.50° C. Gime): <<: 2.22 5:2 Pee ye et ga ee eee | Ge 
Percentage of total bitumen insoluble in 86° B. naphtha...................- 10. 05 
Buxedcarbon 262020 Sei SE SERA ee ie Bie Been CN AME Wp cae percent.. 4.68 
Solubice in CS; Gotal bitumen) si ee ee eee eee ee eee do... 5 99552 
Greanie mattersnpoluble: 200 eee a ecg ere a eee do. 4 . 05 
Jnercanic matter insoluble.) ose: PURO ee eae 70 ede . 03 

DOAN oe so Se oa eS oe SR ee eae ee te 100. 00 


Method.—The screened-rock course was lightly rolled to bring the 
suriace to a smooth cross section and leave an open surface which 
would allow deep penetration of the bitumen. The rate of applica- 
tion for the penetration course was 1.76 gallons per square yard, at 
an average temperature of 95° C. No excess of bitumen remained 
on the surface, which was then covered with sand and thoroughly 
rolled. Before applying the seal coat all free sand was swept from 
the surface with rattan brooms. The rate of application of the seal 
coat was 0.56 gallon per square yard. A top dressing of sand was 
applied and the surface thoroughly rolled. 

A. From stations, 0+00 to 0+50, the seal-coat application was 
allowed to stand two hours before sanding. 


DUST PREVENTION AND ROAD PRESERVATION, 1914. 9 


B. From stations,0+50to 1+ 02, approaching rains necessitated the 
sanding of the seal coat immediately after application. This caused 
a marked difference in the resulting surface condition of portions A 
and B of the experiment. The mat on the latter contained an 
excess of bitumen, and more sand had to be added from time to time 
until a thick, mushy top was formed. About a month after con- 
struction this mat was removed, heated, and respread to a thickness 
of about one-quarter of an inch. 

The bituminous material used in this experiment was found to 
contain a small percentage of water, probably duc to seepage through 
the barrels during transit. In heating, when the temperature reached 
the boiling point of water, the material foamed so excessively as to 
cause overflowing from the kettles. It was necessary, therefore, to 
apply the oil at a temperature of about 95° C., which was lower than 
desirable for best results and caused the rate of application to be 
greater than necessary. It was also found that the top voids, although 
assisting in securing excellent penetration, were too large to assure 
good results when filled with sand dressing. 


EXPERIMENT No. 2 (REFINED CoaL TARS—PENETRATION METHOD). 


Location: Station 1+02 to station 1+94=92 feet. 
Area: 153.3 square yards, 


TABLE 5.—Analyses of refined coal tars. 


' Lot No. 1. Lot No. 2. 


Spe ciieioranntyezon)| Zoe Cran mciecinclscamosleines ce scialee cee = alee nes 1. 288 1. 282 
Float test at 50° C, (time) 3/ 33!" 


TCE CAL OMe eaters eee eae ae Se tee ne ee cent. - i 28. 30 


y 3y By By 
volume. | weight. | volume. | weight. 


Distillation: 
fare Tyee eer ah eatin era arya cio ae Metra stare a ciniets per eon 0.9 0.0 0.0 0.0 
Mirshliohtroustot1OKCen 6 ee) oe ee eee do... 1,1 cl 2.4 .2 
Second light oils (110°-170° (8) ease sete Pa rp dons. 2.6 4 2.3 4 
ATCavsyeOUs Ai 0c—2 (OC eye Caan e eae le ied) aoe do..-- 33.8 3.0 34,4 3.4 
Lea OMS AROS 31D | C2) cing a nein sipistaiein sie inido sia vine MOneee 411.5 9. 4 511.4 9.0 
PAE CIFESTO UC cyoct fone cM crcte eeatele re ha ee LG smn oN doz2*: 6 84.0 87.1 6 83.5 86.8 
PT OG RL ae aera tnic ches raya care Wt ctate Mansi eee Mn NLR AN OO 8 I MSS 100. 0 100. 0 100. 0 99.8 
1 One-half solid. 3 Cloudy 5 One-fifth solid. 
2 Solid 4 Oreo one solid. 6 Hard, dull, brittle. 


Method.—The rock course was rolled more heavily to reduce the 
voids below the percentage obtaining in experiment No. 1. The 
heavy refined tar, designated as lot No. 1, was then applied at the 
rate of 0.98 gallon per square yard. The average temperature of the 
tar was 175° C. The rock was dry and hot from the sun, the tar 
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flowed readily and, after standing a few minutes, entirely pene- 
trated into the rock course. Sand was then applied and swept into 
the voids. The sand dressing, however, while filling the voids, did 
not incorporate with the bitumen, but remained for the most part 
dry and loose. The individual tar-coated rock particles were left 
projecting and unprotected and would have worn. away rapidly 
under traffic. All free sand was therefore swept from the surface, 
and a light coal tar was applied cold at the rate of 0.33 gallon per 
square yard and allowed to stand for about four hours until com- 
pletely absorbed. The surface was then covered with sand and 
thoroughly rolled. The sample of the light tar was lost in shipment, 
and consequently no analysis 1s given. 


EXPERIMENT No. 3 (REFINED CoaL TAR—PENETRATION MurTHop). 


Location: Station 1+-94 to station 34.68.8=174.8 feet. 
Area: 291.5 square yards. 
Material: Refined coal tars, analyses of which are given in Table 5. 


Method.—The general nature of this experiment is the same as that 
of the preceding, except for the omission of a second application of 
bituminous material and the use of dustless screenings instead of sand. 
From station 3+25 to the end of the next experiment heavy rains 
had so bonded the rock surface that it had to be harrowed, regraded, 
and rolled in order to provide for suitable penetration. The smooth- 
ness of the original cross section could not be restored, and the surface 
of this portion of the road remains slightly irregular. The applica- 
tion of bituminous material was made at the rate of 1.20 gallons per 
square yard, and was immediately. covered with dustless screenings, 
filing the voids and thinly covering the surface, which was then 
thoroughly rolled. The screenings crushed somewhat under the 
roller, but seemed to absorb the bituminous material and form a 
firm, rigid surface. 

Tar of lot No. 1 was used from station 1+94 to station 2+ 76. 
From the latter point to the end of the section material from a second 
shipment, designated in Table 5 as lot No. 2, was used. This mate- 
rial did not flow and penetrate as satisfactorily as lot No. 1, even 
when heated to 185° C. 7 


EXPERIMENT No. 4 (Restmuant ASpHALTIC PETROLEUM—PENETRATION METHOD). 


Location: Station 3+68.8 to station 5+84—215.2 feet. 
Area: 358.6 square yards. 


TABLE 6.—Analysis of residual asphaltic petroleum. 


Spe Gui CpoTavaiin 205/200 Ce oe ee. Seber cc. eine eee ee 0. 980 
PAS MOO OL Uae siete ete Ss wire Niece GS ahah etie ones. ober arm eee te ae Re ee PO we 125 
DUPMIMOIDOIN be wee oes ee Se nk eee. Seek aes Sek Oe eee ee eee 1 eae 143 


Viscosity, Engler; 100ic.ic) at 100° C. specific. oa. -).4 2... 2.22 c ost eee 5, 5 
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ROAM RESS RUE 2rt Oran (ULTITO)EN PL SPR a IR CIC SAL of share Ee SNR MEE Ie hue 8 aa Za, 
FiloaigiestrataQmyO@xc(bliNe) ios glk. 7 be rere ois cee PR LSN AS ensth 14/7 
Posse ohouns ates. Or 20onamsis soe oe oe eis eh ee a pen cent. 16.82 
filoaintesuOncres(aWle ators al (CIMNG) eter. 2 anime ei C7 wer tema nea rey atc 67.307 
Mieaditest OM resiuue atoo- (© (UINe = Were eas eee ee shan th eA eA 
Percentage of total bitumen insoluble in 86° B. naphtha................... G37 
erecncan DOM eres shakin esti. eek rot. CEs. eke pen centre 4, 64 
HoluplemneGs (botulewlGUINem)) aires ok ee ce ernie don OOS 
Greantesmacterimsoluble mesa See ek SARS Ee ee ee dowes: . 05 
lmorvamicrmatter isolublesa. Meet fos Si oe LS ee Se dows . 08. 

IONE Lessee gy Dears lone aman sea RSM iMG Le ae nes ie Sls dor. 1007 00) 


Method. The rock course was rolled until firm, after eaeit dust- 
less screenings were scattered lightly over the fare surface, partly 
filling the larger voids. The rate of application of the bitumen was 
1.39 gallons per square yard at an average temperature of 105° C. 
The bitumen flowed readily and penetrated completely when allowed 
to stand for a sufficient time. Frequent rains during the treatment 
of this section handicapped the performance of the work and at times 
necessitated sanding immediately after the application of the bitumen. 

A. From stations 3+ 68.8 to 5+ 15.5, sand was used as a top dress- 
ing. This section bled profusely and unevenly for about two weeks 
after construction, forming a sand mat of uneven thickness. In those 
areas where there was no bleeding the surface had a light brown color 
and the bitumen seemed to have become somewhat absorbed in the 
rock itself. Traffic was permitted the use of this portion of the 
experiment immediately after construction. 

B. From stations 5+ 15.5 to 5+84, dustless screenings were used 
as top dressing and there was no bleeding over this area. Traffic did 
not use this section until three weeks after construction. 


EXPERIMENT No. 5 (Ort-ASPHALT—PENETRATION METHOD). 


Location: Station 5-+84 to station 613248 feet. 
Area: 80 square yards. 


TaBLe 7.—Analysis of oil-asphalt. 


SC CMM R OMA Lye Og Oey Oe. ek its mtn a, ete e ee. Ne UR SIRE ee 1. 908 
iiss FTA @e 5 OVOSLDY Behe che ary isles ca) are aN ens an ya Senne aioL me ae nian ar Nennn gE Roy OR Os) 
ReMetrAllon 207.05 100 eras: o Seconds 4255.22.01 62 sor Nene rao anla yo IK OL Wy 
Oss Omouts at 16s Or420 grams hers Lae ety ESPN Atos per cent.. . 44 
nencimarion Om residue, asaboven ust ieee a Pico SO agen 19) 
Percentage of total bitumen insoluble in 86° B. naphtha................-.. 23-9) 
Erbe Ce Car DOM ce Sn ann me pA SoS oon ek per cent.. _11. 06 
Poliplein- OS (tovdl jbitwmen\iiy. Jia See sais. pee ee bolls dove. 99286 
Ore ane naa tere MsOMMle yi. Be: se A ie oS ase oPreretccras Fo eee oe doaa.: SO) 
iniouc mmc rmatveriasOlMble wi eae 0) est Ne ei a doe ce. . 04 


AR Gy iret ee aR a MLN CON dentine Let Pony ome OM 8 ii AO ase doles LOO CO 
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Method.—The work on the experimental road was discontinued . 


from April 16 to May 18, owing to delay in the arrival of the oil 
asphalt. During this time heavy rains had rendered the prepared 
rock surface unfit for penetration work, and it was therefore har- 
rowed, regraded, and rolled to proper condition from station 5+ 84 
to station 8+60. The larger voids were partly filled with dustless 
screenings. The rate of application of bituminous material was 1.75 
gallons per square yard, and the average temperature was 175° C. 
The penetration was not good, owing to the rapid congealing of the 
oil asphalt on a dense surface of this type. The top dressing of dust- 
less screenings was immediately applied in sufficient.quantity to fill 
the voids and thinly cover the surface, which was then thoroughly 
rolled. 


EXPERIMENT No. 6 (Om ASPHALT—PENETRATION METHOD). 


Location: Station 6+32 to station tad Dea | feet. 
Area: 141.6 square yards. 
Material: Oil asphalt, analysis of which i is shown in Table 7. 

Method.—The rock course was compacted with a rather heavy 
rolling. An application of oil asphalt was made at the rate of 1.52 
gallons per square yard and at an average temperature of 185° C. 
This was immediately covered with sand. As in experiment No. 2, 
the sand did not become incorporated with the bitumen, but remained 
to a large extent dry and loose. All free sand was swept entirely 
off the road, and a sand-asphalt mixture was spread upon the penetra- 
tion course. This was composed of 1 cubic foot of roadside sand to 
1 gallon of oul asphalt, both at a temperature of 175° C. The mix- 
ture filled the interstices and formed a wearing surface about one- 
quarter of an inch thick above the topmost particles of the rock. 
It bonded with the lower course both by irregularities in the latter 
and by reason of the melting of the first bituminous coat through 
contact with the hot mixture. 


EXPERIMENT No. 7 (WatER-BounD Macapam). 


Location: Station 7+17 to station 8+60=143 feet. 
Area: 238.3 square yards. 


Method.—As in the previous experiments, the subgrade was pre- 
pared and compacted parallel to the cross section of the finished road, 
and a course of screened rock spread to a uniform depth of 3 inches. 
This was heavily rolled until there was no visible yielding under the 
roller. No material was available from the first screening through 
a 4-inch screen. Dustless screenings and dust were therefore mixed 
in equal parts and spread over the surface, after which the roadway 
was flushed with water and thoroughly rolled. 
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One purpose of this experiment was to provide a basis of compari- 
son between the various bituminous treatments and a well-constructed 
coralline-rock road. Another and more important one was to demon- 
strate, if possible, that the principal defect in the existing roads, 
the rapid development of an uneven surface, could be overcome by 
proper methods of construction. By the method here used a surface 
of uniform strength is secured by reason of the uniform strength of 
the subgrade and the uniform depth and consistency of the screened- 
rock course. Such uniformity can be obtained in no other way, 
apparently, than by screening the rock and following the general 
method of construction used in this experiment. 

In the cost data, which follow, the cost of bituminous materials 
was taken from bid prices for carload lots. 
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SUMMARY OF EXPERIMENTS AT WEST PALM BEACH, FLA. 


These experiments were carefully inspected on January 20, 1915, 
and their general condition reported upon as follows: 

Expervment No. 1.—The surface of this experiment throughout is in 
uniformly good condition. The bitumen is still lively and possesses, 
to a certain extent, its original characteristic odor. The flow of the 
excessive bitumen is noticeable here and there along the side of the 
road, but there are no waves or irregularities that would be apparent 
to traffic. 

Experiment No. 2.—The general character of this experiment is 
about the same as that of No. 1, except for its darker color and the 
fact that the bituminous material has become very hard and brittle. 

Experiment No. 3.—The tar used in this experiment has become 
hard and friable. The excess present in the original construction, 
as well as the top dressing of fine rock, has disappeared. The surface 
has worn almost uniformly to a perfect mosaic or terrazzo appear- 
ance, and the large particles of soft rock now exposed are wearing 
very rapidly. A surface treatment will therefore be applied before 
_ any serious wear occurs. 

Experiment No. 4. —This section, while it is in good condition and 
free from any wearing defects, presents a varied appearance. Where 
sand was used there are aise which bear a close resemblance te 
experiment No. 1, while other areas show a mosaic appearance due 
to the wearing of the rock in the wearing course. These differences 
are undoubtedly due to the varied weather conditions under which | 
the experiment was constructed. 

Where rock screenings were used the surface is much lighter and 
somewhat mottled, and evidently more susceptible to wear than the 
sanded surface. 

Experiment No. 5.—This experiment has a mottled appearance due 
to the fact that the bitumen has bled to the surface and formed a 
mat over some areas, while the rock is exposed to wear in others. 
The bituminous spgvaentl | is still lively. 

Experiment No. 6.—This experiment is reported as having been 
somewhat soft and sticky during the summer of 1914, but at the time 
of this inspection it was in excellent condition and presented a smooth 
surface true to the original cross section. 

Experiment No. 7.—This experiment offers an excellent example of 
the relative wear of water-bound coralline rock as compared with 
the bituminous-bound. The surface is smooth, unbroken, and true 
to cross section, but measurements made where it joins the adjacent 
bituminous-bound section indicate that the water-bound macadam 
has worn down about seven-eighths of an inch below the adjacent 
bituminous-bound section. 

93332°—Bull. 257—15——3 
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The following table shows the results of a traffic census taken be- 
tween 6 in the morning and 12 midnight on three successive days in 
January, 1915. 


_Tasie 9.— Volume and character of traffic over experiments at West Palm Beach, Fla., on 
three successive days in January, 1915. 


Saturday, Sunday, Monday, 
Jan, 23.1 Jan. 24.2 Jan, 25.3 
Aver- 
Vehicles. ea SES Se pS, ; age per 
North- | South- | North-| South- | North-| South-| 4Y- 
bound. | bound. | bound. | bound. | bound. | bound. 
loaded. 1-horse wagons\--.-= =.= 3s --- ee 7 6 2 1 3 7 8.7 
Wnloaded-horse wagons = 2s ee ee 4} 4 f 3 2 7 8.7 
doaded) 2-Norse WagONS = 252-2 ioe se noe sal- 5 2 1 1 5 0 4.7 
Unloaded 2-horse wagons..........-----..-.-- 4 2 0 20 1 4 7) 
i-horse pleasure vehicles. === 5-222 522-255 3 4 1 2 2 2 4.7 
MOLOn CYCleS 22ers eres eee eee 15 19- 12 10 16 15} - 29.0 
Motorrunabouls=< 2 ossce ce a ee a eee 11 14 0 3 8 14 13.3 
Motor TOULINg Cars.--2 5525-22. S22 eS ee 127 114 - 82 84 97 102 202.0 
ioaded mo tor trueksSseee so s2ee ace eee eee 1 2 0 0 1 3 2.3 
Unloaded an otor trucks se eae eee 1 1 1 1 3 0 23 
IBMOVOGRarsn pce ooso basacoce Soopedbocdde odor a5 101 141 49 65 118 130 201.3 


1 Heavy rain morning and evening; showers all day. 
2 Heavy rain 6 to 7a. m., 12 to6 p. m.; showers balance of day. 
3 Heavy rain 10 a. m. to i p. m.; showers balance of day. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT MIAMI, FIA., 1913. 
OIL-CORALLINE ROCK. | 


The original report of these experiments will be found in U. S. 
Department of Agriculture Bulletin No. 105. When inspected and 
repaired on January 29, 1914, the surface treatment in experiments | 
Nos. 1 and 2 had worn so badly that repairs were out of the question. 
It had broken through in a number of places, exposing the soft under- 
lying rock to excessive wear, and this finally resulted in such a rough 
and objectionable surface that both sections were later scarified, 
reeraded, and rolled without further treatment. The remaining 
experimental sections were repaired where necessary by patching all 
holes and breaks‘in the surface in the following manner: : 

The surface was cut away around the affected areas to form holes 
about 4 inches deep, with straight, sharp edges. These were filled 
with a thorough mixture of pit-run rock and the light-oil product, 
with care to use only sufficient oil to coat all the particles. The mix- 
ture was tamped in place in layers about 1 inch thick. The following 
table shows the extent and cost of these repairs: 


TaBLe 10.—Cost of repairs to experiments at Miami, Fla. 


Area of 
Cost per 
Experiment No. patches Cost. caine 
(square yard 
feet) 

Bho a5 RAE Se SSS eR Se Se Qa ae ae ve eo) RTE HTC 0 $0. 00 $0. 000 
hy tty ta ah a a aE UU GAO a Ges eM ME OORT re 3 .89 002 
a tS me pe Naty nc nee een nn are ion ain, Pz pete, cee a | 24 dake: 013 
Ce ee Sen etl SO ome a GES 2 Noman eee 0 . 00 000 
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‘The following report covers the condition of the existing experi- 
ments on January 16, 1915: 


ExPrerIMENT No. 3 (PENETRATION MretnHop—Hort, Heavy Or). 


This experiment remains in fairly good condition, although it has 
worn to a somewhat rough and uneven cross section. No breaks have 
occurred, however, and only one worn depression was noted. 


ExrERmMENT No. 4 (PENETRATION MetHop—Cot1p, Lieur Oi). 


This experiment continues in fair condition, although it does not 
present as good an appearance as No. 3. A group of small worn 
places were noted just north of the middle of the section. 


EXPERIMENT No. 5 (PENETRATION MretHop—Hot, HEavy O11). 


This is decidedly the poorest of the remaining sections, and appar- 
ently demonstrates the lack of economy in reducing the wearing 
course of rock to less than 24 inches of uncompacted material. Sev- 
enteen worn depressions, ranging from one-half square foot to 2 square 
- feet in area were distributed throughout the section, and it was appar- 
ent that they had been brought to grade by filling with coralline rock. 
These will be patched with bituminous material and rock. : 


EXPERIMENT No. 6 (PENETRATION MetHop—Hot, Heavy Ott). 


This experiment continues in excellent condition after having been 
under rather heavy traffic for over 18 months, and is a successful 
demonstration of what can be accomplished in this form of construc- 
tion. The bitumen has flowed in a couple of places and is still lively, 
but the cross section is well preserved, and there is no evidence of ex- 
cessive wear. 


SUPPLEMENTARY REPORT OF EXPERIMENTS ON ROCKVILLE PIKE, 
MARYLAND, 1913. 


The original report of these experiments was given in U. S. Depart- 
ment of Agriculture Bulletin No. 105, and the following information 
covers their history to and including an inspection on February 9, 1915. 


EXPERIMENT No. 1 (REFINED Coat TaR—HotT APPLicATION). 


This experiment has shown somewhat marked fraying along the 
edges, and a very noticeable deterioration of a strip along one edge 
for about 400 feet where trees overhang the road. The underlying 
macadam is fast becoming exposed over fairly large areas, and at the 
time of inspection it appeared probable that the restoration of the mat 
will be necessary early in the spring of 1915. One single-track trolley 
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crossing has somewhat increased the surface-repair costs. No re- 
pairs, however, have been large in size. The experiment is in gener- 
ally good condition except for the uniform wear, and it is free from 
holes or weak spots. 

The part of this experiment in Bradley Lane is suffering severely 
by reason of the very heavy traffic in both directions... The frequent 
passing compels practically every vehicle to run off the metal at some 
point, and the continual wear at the edges has reduced the effective 
width and caused damage that can not be satisfactorily repaired short 
of reconstruction. This is an obvious case of the traffic being too 
heavy for a single-line road. : 


EXPERIMENT No. 2 (REFINED WaTER-Gas TaR—Cotp APPLICATION). 


In the early summer of 1914 the surface of this experiment began 


to fail so rapidly through numerous breaks in the mat that it became 
practically impossible to prevent total failure by means of patrol 
maintenance. The failure seemed more pronounced over that portion 
_ of the experiment where gravel had been used, and this is attributed 
to the fact that the gravel was coarser than it should have been. 

Therefore, between June 29 and July 3 a second treatment was 
applied. Refined water-gas tar purchased under the specification for 
the original treatment was used, and the application was made by 
means of an automobile pressure distributor. The tar was brought 
directly from the stills of the manufacturer and applied at a tempera- 
ture of 150° to 175° F, Clean trap-rock chips and g-inch gravel were 
used as a covering material, each over the same parts of the experi- 
ment where it had been originally used. The characteristics of the 
bituminous material are given in the following table, and the cost data 
will be found at the end of this supplementary report. 


TABLE 11.—Analysis of refined water-gas tar. 


ppeenic eravity: 25° /20° O25. . aco ee ee eric ye eee e Een ia eee 1,123 
Wiscosity,, Emeler. 50'c: c. at. 50° ©. specilic. 22°. ie a po ee 
PCR AT DOM! Las ie ob. oS oo ec ie sear ee eee a eee per cent_->, 0580 
Distillation: Sirene ween 
RVenbe ney eceeets UL. cu oe aL cepts eee eee ere ee per cent... 0.0 0.0 
Rasciohtotls to 110° C.. 2. ote eee ee eee dori ee se at 
Second light oils (110°-170° C.)..... SOL Sate ees ee doses 28 5 
Heavyeolss(L70°-270° CO.) 2. css ou. Boake ere ee ee idoz 52 > 4262 phen 
EFeawynoils (2700-315 °C: ) ic). SU ab Meek Sees Lhe do. 222 SS 
Pine herent eee jos 1. . on cee eee ee do. =2. 759 OimGa4 
Pierre Ae gate ee a a eae ee do..-- 100.0 99.9 


This surface is now fully as good, if not better, than at the time of 


original construction. ‘There are two sections of surface, near Nor- 
wood trolley station and south of Edgewood station, where the 


1 Trace solid. 2 One-fourth solid. 3 Fairly hard and glossy. 


a 
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original construction left the road flat and inadequately drained. 
These are now showing the strain of more or less continued dampness | 
from underneath. The gravel section of this experiment has a 
markedly better appearance than the trap section. 

The surface of experiment No. 2 in Bradley Lane is in fairly good 
condition and free from bad holes or depressions. 


EXPERIMENT No. 3 (ASPHALTIC PETROLEUM—COoLD APPLICATION). 


‘The surface of this experiment also began to fail rapidly during the 
summer of 1914, and the failure seemed most pronounced at first on 
the section where rather coarse gravel had been used for a covering 
material. Moreover, during the winter of 1913-14, not only was the 
surface cut through because of culvert repairs, but several rather large 
areas heaved as a result of frost action. This latter damage was due 
to the partial burning out of some of the surfacing bitumen by bonfires 
set along the outer edge of the road. In a few places along the sides 
of the road the surface mat had cracked to some extent. 

A new treatment was therefore applied between September 23 and 
_ 27, in which the same grade and character of oil as that originally 
applied was used. The application was made by permitting the oil 
to run from the bung of the barrel and sweeping it over the surface 
with rattan push brooms. From station 135+00 to station 144+ 00, 
where the original surface was still fairly smooth and intact, the appli- 
cation was at the rate of 0.13 gallon per square yard, while over the 
remainder of the experiment it was at the rate of 0.18 gallon per 
square yard. The average was 0.176 gallon per square yard. The 
application was immediately covered with clean torpedo sand. 

Table No. 12 shows the characteristics of the bituminous material 
used, and the cost data will be found at the end of this supplementary 


report. 
TABLE 12.—Analysis of asphaltic petroleum. 


SI CEMIC Ora vbyM Om / LOO may ec Wee te Be ADD ie Cela a Nc pid es as id 0. 932 
Tig ishan TOON on esd ABN Vato can) ad Mh a Sea ce Mm aiatg Coed Mae ia aK cshig U0 Ole 35 
BuEmInepOINE sp) seh seks) os Payoh vs ook ays aide as cs en epi ae Cras 70 
NASCOStiyeBEMCleR A Ohes C2 at 20> Oo Specie! 60. 9t ss aes 61.9 
eosssoRMouTsatalioa Om. 20 cramss cs wie te ee ee per cent.. 22.94 
loatintesion residwerat-o2 Os (Gimme) ic Sos sis a se ia DBA 
iloatwtestionrestducrat 502 Cy. (time a5 ck Le et Sia ty aon ear ay MS D204 
Percentage of total bitumen insoluble in 86° B.naphtha.................... S767, 
Bicedicarbhomeac:ts224, v5 621024 Sian ee Bee ee PEMLS Ties Maes OU e aLe percent.. 7.62 
SoMMolemmeGse(total bitumen) s.24 ee ache NT dose 7799: 90 
Oreaniemuaersmsoluples:mesas os sae ee OME ee ey Pe doses zal 
irercaniesmatvenunsolublesyy spk th eles as ee els vy oe does. . 00 

WORE SA soars coe tech I i Re olen NM yy am hd es an do 100. 00 
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At the date of inspection this experiment was in essentially as good - 
condition as at the time of construction. The surface was noticeably 
better on the gravel half of the section and had a corky feeling to the 
tread throughout. In wet weather the suriace has become somewhat 
muddy, especially in the bottoms, and this action appears character- 
istic of all the experimental surfaces treated with petroleum products. 

In deducing maintenance costs for this section, proper allowance 
has been made by excluding the cost of subsurface repairs not due to 
failure of the surface treatment. 


EXPERIMENT No. 4 (Resipuat ASPHALTIC PETROLEUM—Hor APPLICATION). 


This experiment presented probably the best appearance of any of 
the original construction at the time of last inspection. During the 
winter of 1913-14 its surface remained practically intact, but in the 
winter of 1914-15 it cracked in a few places and became slightly 
muddy. The muddy condition rapidly disappears in dry weather 
and a smooth leathery surface results. | 

The surface has had about the same amount of attention as that of 
experiment No. 1, and will probably not require a general re-treat- 
ment during the coming season. This experiment, together with 
No. 5 and No. 6, all of which were given hot surface treatments, 
required considerable top-dressing during the first warm days of 
spring to stop further bleeding. The surface still has a few humps 
in spots where the distributor leaked at the time of spreading the 
bitumen. Many of these humps have been cut down with a mattock 
or hot shovel, but all are not yet entirely removed, because their 
tendency to bleed and consequent addition of top-dressing tend to 
build them up again. Three or four potholes were noted, and at one 
place on the east side of the road there appears to be a stripped track 
that has developed since the late fall of 1914. This may have been 
a long repair made at the time of construction after an automobile. 
ran over the section before top-dressing was spread. Along this strip, 
some 500 or 600 feet in length, and between it and the edge of the 
surface the underlying macadam is generally bare, but is not raveling. 


EXPERIMENT No. 5 (Resmpuat AspHALTIC PETROLEUM—HortT APPLICATION). 


The surface shows a tendency to crack in cold weather, and in wet 
weather works into a mud more readily than the surface of experi- 
ment No.4. Like experiment No. 4, the surface is soon ironed into a 
_ smooth, leathery mat when dry weather permits. During the year 
the cost of surface work has been greater than on No. 1 or No. 4. It 
was also slightly higher than on No. 6. The hilltop at the north end 
of the experiment is better than elsewhere, probably on account of 
more thorough subdrainage. Any areas poorly drained are at once 
noticeable through this surface. 
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EXPERIMENT No. 6. (WATER-GAs TAR PREPARATION—HoT APPLICATION). 


This experiment bled rather freely in the spring and required con- 
siderable top-dressing and repairs, especially on the trap section. 
The surface does not become muddy, although dampness shows 
through along several areas where subdrainage is poor. Most of the 
repairs so far have been due to some little stripping of the bitumen 
that occurred early in the spring before top-dressing could be applied. 
Such repairs have, however, been few, and less bitumen has been 
required than on any of the other experiments. 


EXPERIMENT No. 7 (ASPHALTIC PETROLEUM—COLD APPLICATION). 


The surface of this experiment worked into a rather objectionable 
muddy condition as soon as the winter of 1913-14 brought continued 
wet weather and frost. In the spring it ironed out and presented 
a very satisfactory appearance until about September. At this time 
numerous small weaknesses began to develop which, owing to cold 
weather, could not all be repaired before winter. Nevertheless, the 
surface has not become so muddy this winter (1914-15) as last, but 
the mud which is formed is in some spots a lighter brown color, indi- 
cating that the oil is losing its effect. This experiment is expected to 
require re-treatment at the earliest possible time in the spring, and 
may require considerable patching, as indicated by the rapidly increas- 

ing breaks in the surface during the late fall of 1914. 


TaBLE 13.— Materials and cost data for renewal treatments of experiments Nos. 2 and 3 
Rockville Pike, Maryland, 1914. 


Experi- 
Experiment No. 2. ment 
No. 3. 
b Torpedo 
Trap. Gravel. sand! 
OG VE UW Os sees ODEO Aes cosas ee aCe plc Ne os Aarae a Ost apes Sem feet. -|4, 330 3, 650 7,460 
INTO So Be a SEC 6 ae OIG PIG AA RPE ROE ERP FE tira Ce Ea era square yards..|/7,216.6 [5,083.4 12,333 
Bituminous material, persquare yard.............-.-.-0-------- galions. - . 294 . 294 .176 
Covering material, perisquare yard-:......-......-.-.52+--. cubic yards.. - 012 . 012 . 009 
Cost (cents per square yard): 
SMC E DUNNE SUI ACO PE ieee ee ee ete, BRE. al Bes at dete ce NL @) @) 0. 048 
ipipmimanous materialise Seeker ee ee Sg he ee oe ke 2. 79 2.79 1. 234 
AM plyine bipumuunousmatenial seals. sees komt uccw (Sk ad ae (2) . 393 
Covemme materiale. cma ue ee ce omen enpe icie mee enecty wy Ae aes an a 4,39 2, 52 1. 994 
Spreadinecoveriiemiateriaih=. eos wale Ties Vek Se Oe 563 53 197 
TBA 5 SCS a Ste Peis: ee pea fers ARS pea pe Oe RR ean Se Ue tal 5, 84 3. 866 


1 Automobile distributor used; sweeping and applying included in cost of material. 


A traffic census on the Rockville Pike is taken every 13 days for a 
24-hour period. A tabulation of the maximum and average of each 
class of traffic for the period between January 1, 1914, and January 1, 
1915, is given in Table 14. 
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TasiE 14.—Volume and character of traffic on Rockville Pike at its intersection with: 
Bradley Lane. 


Maximum, Average. 
Vehicle. : 
North- | South- | North-| South- | 
bound. | bound. | bound. | bound. 
Woaded: I-horsewwasons ons Fae aS ee re ee ree Me roe Sy eee 25 23 13 13 
Mnloadedsi-WorserwacOin a Re oc ae aren inc a ol we elole Bis eee eee 26 26 12 il 
Woaded)2-horse “wacom cio2e ied ts Leen Dee een eee le ee Ee 3l 71 i3 27 
Wnloaded22-horse wacon. =... aoe. 220 soon cee noe eee geet eines 59 14 20 6 
Poaded-4-horse wagon: <5 2e SS Gos MPa we at ae ne Pr omen oi ee 4 + 1 1 
Wmnload@edc4shorserwaso as. siascs< eek c Beste oe ee See ee ee Sees 5 3 1 0 
Hohorsompleasure venicle 2252.52. ° laze. cae See ene ee eee eee - 22 24 12 14 
2-horse-pleasure Vehicle. ccc... 2 kes erates eee eee eee 5 5 1 2 
Rub bersbired horse :Vebicle 27. 2c ccer eras eas Wace oe Recess ee roan eee 3 ak 880 0. 
Sad dlomorse sass eo sick sacs oe wise re cer reare nates eS a ote ara meee 18 19 5 5 
IMOtOMGY ClO S24 osc oe is Se ee Ee: Sse Ea ert era 39 35 20 18 
IBEXCESSIMeLy: HEAVY VieMICl GO: -e saps sin wae wiaie ara ce ee Snare eee eee eee 12 18 3 4 
IMOLOPTUNADOUG2 Sr 22 chee A ot Sr eee crys ee $8 SE 42 42 
MOUOESUOURIN SICAT Se ea oo eres Ste gs ya fas nrarets eaten ere te te ae 243 187 96 89 
Loaded motor dray........-- BURA SEES NS ee Meas Meee alee ee ER eee ee ee 24 38 12 16 
Unloaded motor dray. SOR SGO Lo UR ae Been eBid aoe ie ee mene aS ce aa: 29 12 7 5 


The total cost of maintenance and cost to date of each experiment 


are shown in the following table: 


TABLE 15.— ee cost of experiments on Rockville Pike, Maryland, io December 


SLE TOTES 
| 
le Surface2 | Total cost) : 
. inte- | of surface} Surface | Total 
EXx- Cost’ per | ape | : : 

: | a nance per mainte- | mainte- 
veent| Bituminous material. eeae ries ets per square | nance per| nance per 
No. (cents). square | yard to mile for mile for 
yard Dec. 31, | lyear. 1 year. 

(cents). 1914. 


. 1913. : 

1 | Refined coal tar (hot)... Sept. 22 6, 105 12.34 1.58 13.92 | $139.04 $332. 93 
2| Refined water-gas tar 

(Cold) Rea se eae Sept. 24 7, 380 9. 55 7.56 i7ei ut 665. 28 739. It - 
3 pe ouetee petroleum 

(COld) Res8s5a-saee se toes Sept. 30 7, 400 9. 05 6. 00 15. 05 528. 00 576. 26 
4 | Residual asphaltic pe- 

troleum) (hot)... 225-2242 Oct-15 7,100 11.28 1.61 12. 89 141. 68 215. 18° 
5 DKON cea Gees ees Nov. 21 6,775 11.30 2. 00 13. 30 176. 00 237. 37 
6 | Water-gas tar prepara- 

OM (nO b) ape eee ace Nov. 26 G53250 jee eee 1.88 > 13..59 165. 44 219, 47 
7 | Asphaltic petroleum 

(Cold era cece es Decsa5 6, 689 10.03 | - 57a 10. 74 | 62. 48 106. 82 

1 Average for trap and gravel. 2To Dec. 31, 1914. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT WASHINGTON, 
D. C., 1912. 


TAR PREPARATIONS AND OILS—SURFACE TREATMENT. 


The original report of these experiments was published in Circular 
No. 99 of the Office of Public Roads, and the inspection report for 
the first year was given in U. 8S. Department of Agriculture Bulletin 
No. 105. The following report gives the extent of the repairs during 
1914 and the condition of the experiments when inspected on March 
11, 1915: 

All four sections in the summer of 1914 showed considerable wear. 
The surface mat of section No. 1 apparently was becoming somewhat 
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brittle, especially along the sides of the road, although the treatment 
still remained generally intact. Section No. 2 had developed several 
holes of considerable area, but otherwise the surface was in excellent 
condition. Section No. 3 had several small holes, and the surface 
mat was largely worn off. The surface of section No. 4 was smooth 
and regular, but the large stones of the macadam were generally 
showing. The only repair necessary in this section was a water-bound 
patch approximately 6 square yards in area on the northwest side of 
the curve leading toward Twelfth Street, where there is practically 
no traffic. 

In addition to this large patch, others of water-bound macadam 
were placed in sections 2 and 38. The total area of such patches was 
about 11 square yards. | 

The sections were then swept with hand brooms and given a sur- 
face treatment of the same type of bituminous material as that 
originally used, and covered with a fine torpedo sand. Some bitu- 
minous material had remained from the previous treatment, as fol- 
lows: 130 gallons of residual petroleum for section No. 3, which was 
sufficient to treat the entire section, and 50 gallons of water-gas tar 
preparation, which was used on the south end of section No. 1. 

Application of the bituminous material was accomplished by allow- 
ing it to run from the bungs of the barrels or drums directly upon the 
road and distributing it with push brooms. It was covered imme- 
diately with sand. 

Analyses of additional materials purchased for this work are given 
in the following tables: 


TABLE 15.— Mechanical analysis of sand used in surface treatment at Washington, D. C., 


1914. 

iermedvon.t-mchisereen! 24. ss2 0125.2. ood Jo aie ene see sae per cent.. 11.8 
Passing $-inch' screen, retained on 10-mesh sieve...:......2---2-.------ dort 1687 
Passing 10-mesh sieve, retained on 20-mesh sieve...........-------22--- Co Koynsgoenner 41 7/80) 
Passing 20-mesh sieve, retained on 30-mesh sieve........./.---.-.--..- dons ON 
Passing 30-mesh sieve, retained on 40-mesh sieve.........-..---------- Chases LD 
Passing 40-mesh sieve, retained on 50-mesh sieve.....-.....----------- dons e.9 1029 
Passing 50-mesh sieve, retained on 80-mesh sieve...........2...-...... CO. 245 Ay 
Passing 80-mesh sieve, retained on 100-mesh sieve..........----------- dO ve Sey 
Passing 100-mesh sieve, retained on 200-mesh sieve........-..--- sae areas COPS 
Pacsmes200-mesh sieves Aske Ul aera Ue OA Ao: Asa aa ee» dOnt or3 

Matas ee ese tess ise eae tese cere aera: CU Poet eae do. 100. 0 

Tape 16.—Analysis of water-gas tar preparation used on section No. 1. 

Nweciuertaviingoo alo, Oinere series. ee Sea levi cede eae OSL 1. 091 
NaRcosttiy, wh nolers LODE NC. atio0r C2 specie 045 2 ahve fe 2\ Jo dsl cee Bae wel 18.4 


cere ah Ollerre eae eee er dis cee nie eee gy Ee, UL eo per cent: 2) - 2: 22 
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< By vol- By 

Distillation: ume. weight. 
Water io Pie eo A eee eee per cent.. 10.2 0.1 
dtigstdaght oils 40,1107 G23 ee 5 ee eee Colic Serie 4 
Second light ois: (110°-170° C.): 2. = ee ee do. 2.7 tt .8 
Heayy-ols (170°-2/0 -G>): -. see eee do... 123. 4 Zu 
Heavy ols (270° S15 U2. nee do.... 710.5 9.5 
Pitch Tessie 525s 6 ee eS Se ee Sere do.... 364.6 68.8 
OR es a ee do.--- 100.0° 99.6 


TABLE 17.—Analyses of asphaltic petroleums used on sections Nos. 2 and 4, Washington, 


DC. aos. 


Section Section 

No. 2. No. 4. 

Specific gravity 25°/25° SS 0.957 0. 936 
slash gomies = 3.03 fe eo Lee eS ee ee se ts 38 30 
anne point. so 2 < Sse ees Ce ee ee eee oe OME. 7 68 
Wiscosity, dnpler, o0:c. cat 26°C. “specific. 2 Sesh aac eee 104. 5-4 2.225 
Hows 5 hours at 163 Gee eras 2! 2 Sse ee percent.. 26.66 24.01 
“fieat test. oniresiiwe Biro -4o! (nme). 22. es 23 ae ee ee ee eet E: Lee ah ice 
idoat test-on tTesidue Bi DO? (lames 22-22: oe eee £ BOS A" AAS 
Percentage of total bitumen insoluble in . 86° Bj naplithas Ae 8.04 13.94 
Guxed searbon tees 202 fo eek ae ee SG oe aes ae percent.. 4.93 #210 
Solaiiein CS; (iotl bitumen) 2. G4 .e. te ae do. =.) 99-912 O9ee8 
Oremicmatier, asoluble.--0 5 352s ae anaes do. .~- . 07 .10 
HWOTeanICapatier Insoles. Soy =e oe Oe cores ee doce 02 01 
AN p gi aS net sR eg 8G A aglhne e,  e do.... 100.00 100. 00 


In the computation of cost data for the renewal surface treatment, 
shown in Table 18, the following unit prices were used: 


Laborer, per 74-hour day. -.-.-.---- ac nzoe op Beye es ero as Sere en ele ee $1. 75 
Cart, per Ta-hour fe Bs ASS ee 2 - 3. 50 
Sand -ericubic yard: On WORK. 2... . 2.502 0.4. ee 1. 64 
Bituminous material (per gallon): 
SETI SS ne re Sg yc ee Sa Se a ee . 100 
NCCHON 22 oboe secs ces as oe SORE cee Co Se ee eee . 099 
DOCHOMS soe s 2 5.2 Se ok. eS ee. Se aie oe ela eae ee ee . 085 
echo 4: So. 202k. 2S fe oe ee te eee ee ee 77:3 


Tasie 18.— Materials and cost data for renewal surface treatments, Department of Agri- 
culture Grounds, Washington, D. C., May 14-20, 1914. 


| | | Quantity of | 
|. materials | 
| per square | Cost per square yard (cents). 
| aya net 
i Jone nt i irre aah 
cane ee lee, tae eleg 
“ : > | 3 ieee x i$ oa Ouse ast =) | 
| Bituminous material. B | gal |e 3s +s SS os - 
| © =o [N= ee = | & jIgSul sg 3 
ae Se) ats i oe S | a jgs8iaa] o 
Bd S| Sael-erluer @ 1 ep | se ha 
Z| =. |28/_ 8188 wo | & lecselll | 3 
a | eee se ce & | = |legsgalse]s 
as eee eee ce = a 2 5 sas} a) 2 = 
m | } <= |; sees be RD oO Se a) = s 
1 | Water-gas tar preparation.; 1,363  0.177|0. 0063) 1.770 1. 035} 0. 205) 0.000) 0. 479 0.538) 6.034) 4. 061 
2 | Asphaltic petroleum -- <=. - 1,095; .137| .0063) 1.36 | 1.033} .234) .192 . 287; . 085} 3.521 4 
3 | Residual petroleum ......- 706, =.184! .0063) 1.565) 1.034 .165| -198 545). 4.217 ¥ 
4 | Asphaitic petroleum -..-.. 1,321, .145) .0065 - 133) 1 066) - 106; -123, 441) - 053) 3.381 
1 Clear. 


2 Clear, showed 0.0 per cent insoluble in dimethyl sulphate. : 
3 Soft, sticky, semisolid; a 315°-350° C. fraction showed 27.5 per cent, and a 350°-375° C. fraction showed 
32.5 per cent insoluble in dimethyl sulphate. 
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Section No. 1 (REFINED WATER-GAS TaR PREPARATION). 


The first 100 feet of this section from the south end presented a 
markedly different appearance than the remainder, owing to the use 
on this portion of the section of bituminous materials of apparently 
different character for the 1914 treatment. The bituminous material 
used on this 100 feet was that remaining from the original treatment, 
and yielded a fine-grained, smooth appearance of a yellowish-gray 
color. The remainder of the section was treated with material 
obtained during the summer of 1914, and the treatment, which had 
at the time of inspection a reddish-brown color, had largely worn 
off in well-defined areas, showing the smooth mosaic surface of the 
original treatment. The section was smooth and had a true crown 
and uniform cross section. 


Section No. 2 (AspHattic PETROLEUM). 


This section, although it. had a good crown, had developed several 
small pot-holes, which were rapidly becoming deeper, and along 
the south edge toward the east end of the section the drainage from 
the embankment adjoining the road had evidently been instrumental 
“in causing deterioration of the surface mat. A surface treatment 

will be required the coming season. 


Section No. 3 (RESIDUAL PETROLEUM). 


The surface treatment applied on this section during the summer 
of 1914, like the previous treatment, has shown a tendency to become 
muddy in wet weather and to shove gradually toward the side of 
the road. At the time of inspection the mat in the traveled way 
was largely worn off. Several small pot-holes were scattered over 
the road, and adjoining the Thirteenth Street intersection and 
toward Twelfth Street there were several large worn depressions 
which would require extensive patching. In general the road had 
a smooth regular crown and a smooth mealy surface. 


Section No. 4 (AspHattic PETROLEUM). 


This section had a smooth, hard surface free from waves and an 
especially good crown. Along the middle of the road there was 
evidence of slight and uniform wear over large areas, and the under- 
lying macadam was beginning to show. 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD. 
1912. 


BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE, VITRIFIED 
BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE. 

The original report of these experiments was published in Cir- 
cular No. 99 of the Office of Public Roads and U.S. Department of 
Agriculture Bulletin No. 105. The following report covers the con- 
dition of the experiments when inspected on March 14, 1915. 
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EXPERIMENT No. 1 (BiruMINous CONCRETE—TOPEKA SPECIFICATION). 


This experiment presents a hard firm surface, with some slight 
indication of waviness. The latter condition is most pronounced in 
the trap-rock section adjacent to the curb. The wear in this pave- 
ment is most evident where the surface is slightly below the top of 
the concrete curb, and in one place this has been broken and a slight 
depression has developed. The trap-rock section has a slightly 
darker color than that in which limestone was used, and the line 
between the two is easily discernible. Two lateral cracks were 
noted in the limestone section about 20 and 40 feet, respectively, 
south of its juncture with the trap-rock section. These cracks 
extend from the west curb about half way across the road. A 
small cup-hole was noted in the middle of the road about 60 feet 
north of Bradley Lane. 


EXPERIMENT No, 2 (BrrumiNous CoNCRETE—DIstRIcT oF CoLUMBIA SPECIFICATION). 


This experiment presents a smooth uniform surface on which the ~ 
seal coat still remains practically intact. Two lateral cracks, both 
beginning at the east curb, were noted near the middle of the section 
in which trap rock was used. One of these extends about one- 
quarter of the distance across the road and the other about one-half 
the distance. 

During the early summer of 1914 expansion in the concrete again 
caused a buckling of the surface at the jomt between experiments 
Nos. 2 and 3. The stress developed was sufficient to force out the 
bricks which had been used in providing for this condition previously. 
The bricks were therefore removed, a clean trench was cut out en- 
tirely across the pavement for a width of about 1 foot and filled with 
Portland cement concrete. ; 


EXPERIMENT No. 3 (CEMENT CONCRETE AND O1IL-CEMENT CONCRETE—SURFACES 
TREATED WITH BITUMINOUS MATERIALS). 


The several sections of this experiment have been permitted to 
wear without repairs, and the condition of the various sections at the 
time of this inspection was noted as follows: 

(A) Refined coal tar.—The surface treatment has worn off in fairly 
large areas throughout the entire section. 

(B) Water-gas tar preparation No. 2.—The surface has worn off in 
small areas throughout the entire section, in most cases not exceeding 
1 square foot. This section is in an appreciably better condition — 
than No. 1 through its retention of more of the original treatment. 

(C) Fluaed native asphalt No. 2.—The bitumen in this section is 
still quite pliable, but the surface treatment has largely worn off over 
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the west half of the section, and there are a number of small worn 
areas in the east half. 

(D) Fluaed native asphalt No. 2 over water-gas tar preparation 
No. 1.—The surface treatment is almost intact on the north half of. 
this section, and the bitumen is still pliable. Over the south half, 
which includes the intersection with Thornapple Street, the surface 
treatment is in general worn off. 

(EK) Fluved natwe asphalt over natiwe asphalt emulsion.—-The surface 
treatment is about two-thirds worn off this section, and the mat 
appears to be rather brittle. 

(F) Oil asphalt No. 1 over water-gas tar preparation No. 1.—The 
surface treatment is almost entirely gone from this section. 

(G) Refined coal tar.—The surface treatment is worn off to a great 
extent over the entire section. 

(H) Water-gas tar preparation No. 2.—The surface treatment is 
still largely intact, although there are quite a number of small areas 
ranging in size from one-half square foot to 1 square foot where it is 
worn off. The majority of these are west of the center line of the 
roadway. 

(1) Fluzed native asphalt No. 2.—On the east half of the roadway 
the surface treatment remains in fairly good condition, but the 
bitumen has become hard, and the surface treatment has disappeared : 
from more than half of the area west of the center line of the roadway. 

(J) Owl asphalt No. 2.—On the west third of this section, adjacent 
to the gutter, the surface treatment is about one-fourth gone, while 
over the remainder it is practically intact, excepting for one worn 
place about 1 square foot in area. Apparently the bitumen still 
possesses life. 

EXPERIMENT No. 4 (O1L-CEMENT CONCRETE) AND EXPERIMENT No. 5 (CEMENT 
CONCRETE). 


No particular difference was noted in the relative wear on the two 
classes of concrete. It is, however, interesting to note the difference 
in wear on the section constructed with trap rock on the grade adja- 
cent to the vitrified brick experiment. The west half of the road, 
which carries the heavy traffic coming up the hill, is worn to an 
appreciably greater extent than the east half. The mortar appears 
to have abraded from around the particles of rock, thus yielding a 
much roughened surface. Over the remainder of the concrete ex- 
periment, extending south from the brow of the hill, the wear has 
been quite uniform over the entire surface. The table following 
shows the distance between cracks when measured on March 10, 1915. 
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TaBLEe 19.—Average and maximum distance between cracks in concrete experiments at 


Chevy Chase, Md., March 10, 1915. 


Character of pavement. 


Average = 
distance iceeien 
Length. | between SS 
Concrete. Aggregate. - 
Surface coated with bituminous material: 
Cas 76 2 11 Pee ee ee a oe eee a cp Mee le SR Necks Gravel 22 
Heys Pee ee ae ee ee a ee ee eee Limestone 
OTEPCCMeN fle ee 5 ee as Se ea a ee ee Gravel... .:... 
UE Sr ce ss Se te eee ce ee Re eee aR ee Limestone. 
Surface exposed 
@LITIG NE Gee ee ee ee ee ae ee ee Grayelscas: 5 
Oe eee Ce ee ee ee Limestone. 
RSS an CR ee ee eee Wraps so. S23* 
GHEGEMCGH iS Se <= ee hes SS ice Scie ere ee Gravel... <2. 
Dears re BS 2 LB ce 2 kee Bee ea Limestone 
TB) OS Ree ne Ss SEN See ee a Ce iErap reece 


As noted in the previous progress report, the relative distances 
between cracks continue greater on sections constructed with a 
limestone aggregate than on those where trap rock or gravel were 


used, 
EXPERIMENT No. 6 (ViTRiFieD Brick). 


An inspection of this experiment showed no appreciable difference 
in wear between the several brands of brick. Three longitudinal 
eracks were noted, as follows: 

In section D, a crack about one-third the length of the section 
and about 6 feet from the west curb. Im section F, a crack about 
half the length of the section, beginning at the south a and about 
6 feet from the east curb. In section G, a crack about 6 feet long 
and about the same distance from the east curb as that in section F. 


These cracks are practically straight and so fine that they would — 


hardly be distinguished in a casual observation. Their cause has 
not thus far been clearly ascertained. 

A traffic census on this experimental road is taken every 13 days 
for a 24-hour period. A tabulation of the maximum and average 
of each class of traffic for the period between March 1, 1914, and 
March 1, 1915, is given in Table 20. The east side of the road carries 
outgoing traffic and the west side incoming traffic. 
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TaBLE 20.— Volume and character of traffic on Connecticut Avenue north and south o if 
Bradley Lane. 


North of Bradley Lane. South of Bradley Lane. 
Vehicle. Maximum. Average. Maximum. Average. 


East. | West. | East. | West. | East. | West. | East. | West. 


DSSS ee OO Oe Oe ee 


Loaded 1-horse wagon .......-.-....- 11 25 4 13 20 18 10 9 
Unloaded 1-horse wagon ............- 8 24 3 11 17 20 8 9 
Loaded 2-horse wagon...........--.- 15 103 6 35 32 96 12 28 
Unloaded 2-horse wagon...-.......- 40 79 10 19 83 52 25 10 
Loaded 4-horse wagon...-..-...-.--..- 2 5 0 1 5 5 0 1 
Unioaded 4horse wagon........---.- 2 2 0 0 2 1 0 0 
1-horse pleasure vehicle..........--.-. 7 18 3 8 21 18 8 8 
2-horse pleasure vehicle ..........-..- 3 3 0 1 20 5 2 1 
Rubber-tired horse vehicle. .......... 1 2 0 0 12 14 1 0 
S20 dre OTSe Nata H eee Bese sec sree sacs 8 12 2 3 15 11 3 4 
Motoney close shee sete ic bio saisSeie Se 17 42 4 15 39 33 13 11 
Excessively heavy vehicle........... 3 11 0 1 5 5 1 1 
Motornunabomie eee are eke 23 173 7 54 169 139 60 44 
IMotoTtOmUnIng Cane. seen see fesse cece 137 308 30 129 454 335 151 117 
HUGAGeHeN OLOMOLA Yao see esc Soo eee 12 47 4 20 31 34 19 14 

2 8 17 19 5 8 


Unloaded motordray !-22225-.26..4.. 14 20 


SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHiHVY CHASE, MD., 
1911 PROJECT. 


BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT. 


The original reports of these experiments are given in Circulars 
Nos. 98 and 99, Office of Public Roads, and a supplementary report 
in U.S. Department of Agriculture Bulletin No. 105. The following 
report is based upon an inspection made January 28, 1915, after an 
extended period of cold wet weather. 


Section No.1 (REFINED CoAL TAR—PENETRATION METHOD). 


In the summer of 1914 the surface presented a well-bound but 
rough appearance and gave evidence of considerable wear on the 
stone of the upper course. Therefore, on August 5 a cold surface 
treatment was applied, using a crude on tar of the analysis given 
mm the following table: 


TABLE 21.—Analysis of crude coal tar} used in cold surface treatment of section No. 1. 


RHE CLE OANA ee oh Cer ie eee ay eave Fe A OM ee ere, pS 1. 146 
SD eCRHeMASCOSIUY,. DOC MC OU aU) ose nen Saat a sans o ep toe Hoes lea neem es 5. 0 
LE TBS, CAEN G (CI i al aed or eat Sn pag ae Te aA ee A ge ls ge per cent.. 8.62 
Distillation: Vv Ene Pare 
BIER ss EO A Se RT) VR Sia ce! SMM ni ape Oe Uae eee Opes Per cents 4' a. Or. po. U 
Neusat M COMMU ee tae ee. Scie ges se te Oe dO ena as LEO 
Sceoudsnoht, oils GOP SPOON: ess oe ae eee AE dors iD a) 
learayzovls. (ld 210 pO nse aoa aA ice Fe dots] 22370 2010 
CANO S (2 — lie) reer eee. eee cE Re donee) As oy le 
URC UA Cor hive RO Eo eee es ee eae raceme airs eae eS 5 ee MOA oOo 102. 
TMOG open ace a ie Ae te OR Ee Ta ee eee doe 10020599; 7 


1 Thin fluid. 2 Ammoniacal. 3 Clear. 4 One-third solid. 5 Hard, fairly dull, brittie. 
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The surface was swept by means of a rotary broom drawn by the - 
automobile distributor, which applied the bituminous material. The 
application was immediately covered with 3-inch washed gravel, and 
the road opened to traffic. The bituminous material is charged at the 
rate of 6.6 cents per gallon, and sweeping and applying at 2.5 cents 
per gallon. The cost data for the treatment are given in Table 24. 
When inspected the surface was smooth and hard, with but few 
irregularities. 


Section No. 2 (REFINED Coat TAR—MODIFIED GLADWELL METHOD). 


This section, although presenting a well-bound surface, is irregular 
and shows considerable wear, so that a surface treatment will be neces- 
sary during the coming season. 


Section No. 3 (Ftuxep NativE ASPHALT—PENETRATION METHOD). 


This section continues to present a smooth, well-crowned surface, 
but during the past year the seal coat has worn so that at the present 
time the surface has a mosaic appearance in some areas. ‘There are 
a few other areas, especially in the north half of the section, where 
the seal coat is still intact, and no general treatment will be required 
during the coming season. 7 


Section No. 4 (GitsonirE O1r ASPHALT—PENETRATION METHOD). 


This section, although well bound together, has an irregular sur- 
face, especially toward the gutter, so that it 1s rather rough under 
automobile traffic. In the depressions the stones are generally 
exposed, and probably. considerable patching will be necessary in the 
spring. 

Section No. 5 (Om ASPHALT—PENETRATION METHOD). 

The appearance of this section has not changed appreciably since 
the last inspection, described in U. S. Department of Agriculture 
Bulletin No.105. The surface is uneven, and in a few depressions the 
stone is somewhat loose. No raveling has occurred, however, and 
only minor repairs are now required. 


Secrion No. 6 (Om AsPHALT—PENETRATION METHOD). 


In general, this section has the same appearance as section No. 5. 
At the north end and on the west side of the trolley tracks the grade 
is 2 to 3 inches lower than that of the adjoining asphaltic concrete 
experiment, and it will be necessary in the spring to bring the sur- 
face to a corresponding grade. 


Section No.7 (A anv B; Om AspHALT—PENETRATION METHOD). 


The appearance of this section is not uniform. <A has quite a 
mosaic effect, the northern portion of B has several small breaks 
which will need patching in the near future, and the southern portion 
has developed a few slight irregularities. 
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Section No. 8 (REFINED WaTER-GAS TAR PREPARATION—SURFACE TREATMENT). 


The surface presents a very uneven appearance, owing apparently 
to the motion of the surface mat under traffic. A few small chuck 
holes have formed where raveling seems imminent, although in general | 
the surface is very well bound. The section will probably require 
some repair and a surface treatment during the coming spring. 


Section No. 9 (AsPHALTIC PETROLEUM—SURFACE TREATMENT), 


Toward the close of the season of 1914 this section began to give 
evidence of considerable wear. As in previous seasons, deterioration 
became more marked in the third of the road nearest the gutter and 
was most evident over the south half of the section, where an ex- 
ceedingly heavy rain had interrupted the progress of the previous 
surface treatment. Two badly raveled places, each about half a 
Square yard in area, and a few smaller depressions were patched by 
the penetration method with new 14-inch limestone and a heavy oil- 
asphalt, rolled with a 10-ton roller, and finished by the application 
of a seal coat of the same bituminous material. Several humps were 
removed by cutting them flush with the surface by means of a mattock. 

Immediately after these repairs had been made, on October 17 and 
19, a surface treatment was applied over the entire section, using the 
same trade product as in the two previous treatments, and a fine 
torpedo sand. The surface was first thoroughly swept with fiber 
hand brooms, and the oil applied by allowing it to run from the bungs 
of the barrels and distributing it with push brooms. The oil was 
immediately covered with sand and the road opened to traffic. The 
bituminous material cost 8 cents per gallon, and the sand cost $2.12 
per cubic yard on the work. 

Table 22 gives an analysis of the bituminous material, and the cost 
of surface treatment is given in Table 24. 


TaBLe 22.—Analysis of asphaltic petroleum ! used in surface treatment of section No. 9. 


SDSS (04 aI Uti ie UGS AS SMe pea aR Ete RNS ata MN cle Mh Ay aM ERUPT i 0. 964 
LP VSTa) BORING Se See RO ak Stree uM Maat he eae N Meats eo oe ak ieMcaet A Aeeee see A ae $@z 40 
JSAP UIT ey ROTO er eth Ee sO aeae eerie Oh ve emieeia RAR a ame eM pend en tn SCE 85 
SPecthicaviscostiyeebmclen. Joma C.* SOLCr Cr onan wine Cnn ee ea amen see Ines} 
Bossmoumoursiat 1632 Cy. 20soramMsts re sce hk oe oe per cent.. 26.46 
RCAiibe St OlpGESIGILe sale aong, Oa (UimMe alas ine ee) eS iN aa Moai 3/ 46/7 
Meat vest olresidue at oO ©. Guimmle ye 21/2 Fe Oi VES Ch) | eet EE Ge a AA 
Percentage of total bitumen insoluble in 86° B. naphtha.........-.....---. 7.43 
eed eCARDOM nc wince ly curt aerate oat ee per cent 5. 04 
Solublenme®ss.qtoval’ bitumiem)eais ss fei), DIONE Ag Tae Comet 19 9592 
Oranumerna treramsOlmble: nue = Mmm er by ayer diene) TS bd ol) eee a dora . 06 
iiteneaiatenmai veransoluiler: case: se sary Peo No Sagas Sec aes ane domes 02 
ANG IBN Meee ie Ra ES Sis Oi A WAI OS Ss Dh 2 ee a dons 100200 


1 Fairly viscous, sticky fluid. 2Very viscous, sticky fluid; glossy. 
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At the time of inspection the section generally presented a firm: 
smooth surface. A few small cup-holes had formed where repairs 
were made before the last surface treatment, and were undoubtedly 
due to a poor distribution of oil asphalt in placing the patches. 


Section No. 10 (REstpuAL PETROLEUM—SuURFACE TREATMENT). 


The development of irregular humps and ruts upon this section, 
noted in U. S. Department of Agriculture Bulletin No. 105, con- 
tinued during the past year, until the surface was in such condition 
that it was deemed advisable to remove the surface mat as far as 
possible and re-treat the entire section. Accordingly the surface mat 
was broken up by means of a 3-ton scarifier, and as much of it re- 
moved as could be easily separated from the macadam stone. The 
old surface was then loosened by scarifying and picking, shaped with 
rakes, and brought to grade by the addition of a thin course of ?-inch 
limestone. After rolling, limestone screenings were scattered over the 
surface just sufficient in quantity to fill the surface voids. The sur- 
face was then thoroughly bonded by sprinkling with water and rolling. 

The following table gives the materials and cost data per square 
yard for the reconstruction of the water-bound macadam surface. 


TABLE 23.— Materials and cost data for reconstruction of section No. 10, Chevy Chase, Md. 


Materials used per square yard: 


Lp oral linmestome ua. seer st ee cae ey Lge eens Mean en cubic yard.. 0.001 
G-Tech MIMes OMe <a" ean hoc eke a ee oe See eee ee dG 52 086 
‘Limestone screenimosnis te tee Oo es es a ee dove Ea 008 
Cost per square yard: 

fonchilinestomels Meco ceil saan ce peee Ge eee ee cenisaca- ane 
2-ineh limestome sce 2 ees Se a See et do.... 4.060 
NIMeSLONe SETERMINES 25 Os Goes a see ee ee eee a ge do. 2s e8tsZe 
Sweepine old suriaces: c.f ce see ec ae ere ee eee oe ee Ere doe to a 
Removing old suriace mat. -22 St San. Sie i eet eee dei Esser 
Scariiying, and rakine scarified Surface. .:-2.286-------- 2. 2 Joe SO eee 
Spreadimesstome 224 oo eee ee epee eee te ec ee dom: = eso 
ho] OVNGH '¢ Ntc1 gaint ee ENE SEM tn i Toman ae cc aay ere ee doses abt 
O20) Us Yale Mele ag nie i ears Cen SN ol ee uae ee do. 25°92. 898 
{Cl i ear eM SRC. Oy ey go he ss dos 33, Aiy620 


On November 3 and 4, after several days’ traffic over the water- 
bound surface, the section was given a cold surface treatment with 
an asphaltic petroleum of the analysis given in Table 22. This was 
covered with washed 3-inch gravel. The bituminous material was 
applied by allowing it to run from the bungs of the barrels directly 
upon the road, which had previously been swept with hand brooms 
to remove loose material. The oil was broomed over the surface 
until no uncoated spots remained, and it was found that considerable 
-brooming was necessary, owing to the fairly large amount of dust 
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still remaining. The oil was almost immediately covered with gravel, 
and finally the entire section was rolled lightly with an 8-ton tandem 
roller. After several days’ traffic a subsequent light application 
of sand was found necessary to absorb the bituminous material that 
came to the surface. The material and cost data for the surface 
treatment is given in Table 24. 

At the time of inspection the section had passed through a long 
spell of unfavorable weather, and its appearance demonstrated that 
the treatment was applied too late in the season. Numerous small 
but deep cup-holes had formed, extending into the water-bound 
macadam, and in general the entire surface had become very muddy. 
Considerable patching will be necessary at an early date. | 


Section No. 11 (Native AspHatt Emuns1on—MacanaM RESURFACING). 


The section has had no treatment since it was resurfaced, and dur- 
ing the past year it has worn very uniformly, so that at the time of 
inspection the large stones were generally exposed over the entire 
surface. There are a few long waves and in a few places the large 
stones have apparently broken under traffic, but otherwise the surface 
is in excellent condition. 


MAINTENANCE DURING THE YEAR 1914. 


In addition to the general re-treatment above described, the patrol 
system of maintenance was continued during the year. Table 25 
presents the total cost of this maintenance and the re-treatments, 
together with the total cost of each experiment to December 31, 1914. 

A traffic census is taken every 13 days for a 24-hour period. A 
tabulation of the maximum and average of each class of traffic for 
_the period between March 1, 1914, and March 1, 1915, is given in 
Table 20. The east side of the road carries outgoing traffic and the 
west side incoming traffic. 


Tapie 24.— Materials and cost data for surface treatment in 1914 of sections 1, 9, and 10 
at Chevy Chase, Md., 1911 project. 


dD 
- Quantity of mate- 
5) rial per square Cost per square yard (cents). 
oH 
Zs yard. 
See- | Bituminous mate- | 8S 3 
tion Seo pee isi lo ie kes Sle lac 
No. 2s Onn D = =a on; 3 r; Tie a ap O'S | 
~ VAR On) So) 2S se hLS | Se ped laos oal ° 
a i LS) Reise) Ae) 30 aio) A So BESIF as to 
BHeH|o isl B gs oO S | 28 PS ind qd as 
S iSSSiES 1 SR |SS|/ER 1 SA] 8 lagsieas) = 3 
oy EPS S| Sarde q = ae q & labklant| oS 5 
< faa) So oD) faa) o to) oO <q <4 aa] aH 
1 | Coal tar, crude Stee 1,581] 0.316] 0.007}.....- DAORS leo SS | shes 14. anos 10. 791] 0. 625)......] 5.042 
9 | Asphalticpetroleum| 761] .209).._-... 0. 0085) 1 672)- 2. Peete TO“S5Gll. 490) e454 se 50 ae 4.709 
VOR EES GOR PMee See nee: 1,013} .476) .011) .0020) 3.807) 2.328) .419| .339| .548| .571] 0.099) 8.111 


1 Includes cost of sweeping. 
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TaBLe 25.—Surface maintenance of 1911 experiments at Chevy Chase, Md., to December - 


Silas h lees 
Maintenance cost of experiment. Cost per square yard (cents). 
A er Date Area 
ment No Tata d Cre. Construc-| Maint 
Ea eted. yards). ustruc- alnte- 
Pp / 1912 1913 1914 Total. Fiat aaron Ul boa: 
1911 
ilepereat ate ere Cc si 1,581 £0.00 $0. 00 $91.33 $91. 33 46.18 ae 51.96 
Das, ne heat pecan ee dost 705 - 00 - 00 - 00 - 00 77.62 - 000 77.62 
Siameae asa Nov. 18 1550 00 _. 00 00 . 00 64. 69 - 000 64. 69 
AEA EIN Nov. 8 12559 . 00 4.05 1.90 5.95 57.16 - 383 57.54 
tas ams Dec. 2 1, 447 260. 26 2.31 67 263. 24 58. 27 18.192 76. 46 
Gre ee Nov. 23 1,555 . 00 3.47 - 00 3.47 68. 22 . 223 68. 44 
Wie Bo eea\\ DOD 131 1. 43 . 00 . 60 1. 43 59. 96 1.092 61.05. 
eee ee Ol ee 848 67. 88 . 00 133 69. 21 54. 80 8.162 62.96 
1912. 

Se Saaeaele Aug. 24 ae A/pul eee ee ae 80. 64 - 00 80. 64 39.59 5. 460 45.05 
Oe ers Se June 4 Gla eee 39. 65 44.78 84. 43 42.01 11.095 53. 11 
LORE) Cee | Nov. 22 LAOS iA| ees 2 19. 05 284. 64 303. 09 44.31 29. 920 74. 23 
shes erieece os Dec. 16 Sil alsa oe . 00 -00 | - 00 81.51 - 000 seaiginit 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, N. Y.,- 
1911. 


OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


The original report of these experiments was published in Circular 
No. 98, and reports of annual inspection and repairs may be found 
in Circular No. 99, Office of Public Roads, and in U. 8S. Depart- 
ment of Agriculture Bulletin No. 105. The following report covers 
the condition of the sections when inspected January 18, 1915. 


EXPERIMENT No. 1 (O1t-CEMENT CONCRETE). 


In May, 1914, the Borough of Queens highway department patched 
the bare spots which were reported in the inspection of December, - 
1913, with an application of hot, refined coal tar and sand, and the 
addition of ?-inch stone in the deeper holes. The bare spots had 
developed somewhat larger in the section treated with water-gas tar 
products than in that treated with refined coal tar. At the time of 
the inspection the entire section was in very good condition with the 
exception of about 20 small bare spots where the carpet coat had 
worn off. The entire coat seemed to be worn very thin. 


EXXPERIMENT No. 2 (Cut-Back Om AspHatT—MIxIna METHOD). 


‘In May, 1914, the condition of this experiment was a little worse 
than in December, 1913, and in consequence the entire section was 
scarified to a depth of 3 inches and about one-third of the soft 
bituminous top mixture was thrown away. The remaining mixture 
was then shaped and lightly rolled to a thickness of about 2 inches, 
after which it was covered with a thin layer of 3-inch stone, thoroughly 
rolled, and opened to traffic. The following day a thin layer of 
trap-rock screenings was rolled in. 
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At the time of the inspection the experiment was again in very bad 
condition, and it appeared to be breaking up throughout its entire 
length. Numerous potholes, extending through the full thickness 
of the road, were forming, and the bituminous material appeared to 
have lost its life. The easterly 50 feet, however, continued in 
somewhat better condition than the remainder of the experiment. » 


EXPERIMENT No. 3 (Fiuxep Native ASPHALT—Mrxing MeETHOD). 


Except where openings have been made for house connections, 
at about stations 5+40, 5+80, and 6+80, this section remains in 
very good condition. The patches placed at the openings are now 
somewhat below the original grade. Along the north side for the 
last 30 feet and for a width of from 3 to 4 feet there are a few waves 
about 3 feet long and 1 inch or less in depth. It is also possible in 
wet weather to notice slight waves, perhaps not over one-sixteenth 
inch in depth, extending entirely across the roadway. These were 
evidently caused by the manner of pouring the seal coat at the time’ 
of construction. | 


EXPERIMENT No. 4 (REFINED CoaL Tar—Mrixine METHOD). 


This section is in excellent condition except for the foilowing 
imperfections: The edges on both sides are a little wavy, the waviness 
being more pronounced between stations 8 +00 and 8+ 465 for a width 
of 5 feet on the north edge and between stations 8+45 and 9+00 
on the south edge for a width of about 10 feet. At station 9+54 a 
pothole is forming on the north edge. The seal coat is gone from 
stations 10 +68 to 10+ 98 for a width of about 5 feet on the south edge. 
At station 10 +90, on the north side, a house connection was made and 
as the work of restoration was not properly done, the pavement at 
this point is not in first-class condition. 


EXPERIMENT No. 5 (Cut-Bacx Om AspHALT—MIxiING METHOD). 


A rut developed in this section during the winter of 1913-14, and 
this, together with the holes reported in the last inspection report, 
was repaired in May, 1914. The deeper holes were patched with 
14-inch stone and hot refined coal tar, applied by the penetration 
method at the rate of 14 gallons to the square yard. The rut was 
patched with #-inch stone, sand, and hot refined coal tar. 

At the time of inspection the surface of the following portions of the 
experiment was found to be good: An irregular strip through the 
center from 6 to 8 feet in width, the whole intersection opposite 
Hardenbrook Street for a width of about 35 feet, the south side from 
stations 13+00 to 13+23, and the north side from stations 12 +50 
to 13+94. Over the remainder of the experiment the seal coat is 
disappearing, and potholes are forming. The whole section is wavy 
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on the edges, particularly the north edge, and there are indications 
that the bituminous material is losing its life. A pothole is forming 
just south of the center and on the west side of a patch at station 
134+ 23. 

EXPERIMENT No. 6 (Om ASPHALT—PENETRATION METHOD). 

This section continues in good condition, except for the fact that 
the seal coat seems to be wearing, while it is nearly gone on a strip 
about 2 feet wide 8 or 9 feet in from the south side from station 
13+94 to station 14+38. The bituminous material of the seal coat 
over this area seems to lack life, and indications are that the strip 
will extend to the eastward. There is a narrow strip south of the 
center where the seal coat has been picked up by the wheels of some 
heavily loaded vehicle. | 


EXPERIMENT No. 7 (REFINED CoaL-TAR—PENETRATION METHOD). 


The general condition of this section is good. The surface is very 
satisfactory in the center, but along the sides the seal coat appears 
thin and is gradually disappearing. There is a bad depression on 
the north side at the junction of experiments Nos. 6 and 7, and three © 
potholes were observed to be developing along the south side at 
stations 16+03, 16+15, and 16+94, respectively. The patch pre- 
viously made over the conduit across the roadway is in excellent 
condition, but where one was made at station 16+ 90 near the south 
edge of the roadway the surface is below grade. Other than as 
above noted, the condition of this experiment remains about the 
same as when inspected, in December, 1913. 


Experment No. 8 (Fruxep NativE ASPHALT—PENETRATION METHOD). 


This section is in about the same condition as reported in U. S. 
Department of Agriculture Bulletin No. 105, with the exception that 
a slight waviness has developed over the entire roadway. This is 
more noticeable at the sides, where the excess of bituminous material 
used in the original construction has pushed out. 


Experiment No. 9 (Om ASPHALT—PENETRATION METHOD). 


The surface of this experiment is in good condition, with the ex- 
ception of a few spots where the seal coat has been picked up or | 
worn off, and these have partially healed over. Some would not be 
noticeable except on a rainy day. From station 19+20 to station 
19+34 the seal coat has been worn off in the center of the road. 
From station 19+34 to the east end of the experiment there is a 
narrow strip where the seal coat was partially stripped off by the 
wheel of some heavily loaded vehicle. 

_ There are some waves on the edges and a small hump on the south 
side at about station 18+54. The work done to fill in between this © 
section and the wood-block pavement east of the experiment is in 
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very poor condition; the seal coat is gone, and quite a number of 
potholes have been formed, especially on the south side. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, 
N. Y., AND RIDGEWOOD, N. J., 1910. 


OIL-CEMENT CONCRETE. 


The original report of these experiments was published in Circular 
No. 94, and the reports of annual inspections appeared in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U. S. Department of 
Agriculture Bulletin No. 105. The following report covers an in- 
spection made in October, 1914. 


EXPERIMENTS AT New York, N. Y. 


This roadway was torn out in its entirety the week of September 
27, 1914. The general condition of the surface of the road had 
oradually deteriorated from the condition shown by the inspection 
reported in December, 1913, and it was decided by the road main- 
tenance department of the Borough of Richmond that the entire 
roadway should be torn up and a new one laid. It has therefore 
been replaced by bituminous concrete on a cement-concrete founda- 
tion. 

EXPERIMENTS AT Ripcewoop, N. J. 

Experiment No. 1.—The oil-cement concrete floor of the bridge over 
Saddle River was covered with a bituminous surfacing, as reported 
in the inspection made in December, 1913. The bituminous-macadam 
surfacing is in first-class condition, and the oil-cement concrete is not 
exposed. 

Experiment No. 2.—The oil-cement concrete floor of the bridge 
over the Hohokus River is apparently in similar condition to that 
reported in December, 1913, excepting for the fact that it is a little 
more worn. The surface is even and smooth and has a rather flat 
cross section. The wear on this bridge floor still continues in the 
center of the roadway, since the sides for a width of from 3 to 4 feet 
from each edge are protected by dirt and leaves. In the center the 
large stones of the aggregate show on the surface, and at the ends of the 
bridge the edges of the concrete are rounded off to meet the surface 
of the adjoining macadam road. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOISE, IDAHO, 
1910. 


OIL-GRAVEL MACADAM. 

The original report of this experiment was published in Circular 
No. 94, and reports of annual inspections were given in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U.S. Department of 
Agriculture Bulletin No. 105. The following report covers an inspec- 
tion made on January 2, 1915: | 
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The section which was constructed directly under the supervision 
of the Office of Public Roads carries volumimous and heavy suburban 
traffic, both vehicle and motor, and has received no maintenance or 
repairs since its original construction. A new 40-foot steel truss 
bridge was constructed across the slough last October, which resulted 
in unusually heavy additional traffic. For 20 feet on either side of 
the new bridge the macadam has been destroyed. The remainder 
of the experiment now presents an unsatisfactory appearance and is 
very wavy and much worn. There is a series of potholes of various 
sizes and depths, but there is, however, no apparent disintegration. 
The former shoulders have bom used as a roadway until they have 
worn through the subgrade and are largely used by lghter traffic 
to avoid le The crown is well maintained, and the penetra- 
tion has been effective in general, with an excess of oil in places. 
The unevenness of wear, as previously noted, has been due primarily 
to a weak and poorly prepared foundation. Wherever the bond is 
broken the contributory cause appears to be large water-worn gravel 
too near the surface, and lack of uniformity in the distribution of 
the bituminous material, which latter permits early raveling. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, IOWA, 
1919. 


OiL-ASPHALT GRAVEL. 


The original report of this experiment was published in Circular 
No. 94, and reports of annual inspections were given in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U. S. Department 
of Agriculture Bullet Nos 1050 

When visited on December 19, 1914, there was about 1 inch ‘at 
snow on this road. Scraping hie snow from spots revealed about 
one-half inch of oily dust, covering a well-bonded surface. On 
warming bits of bituminous material in the hands it still developed 
a perceptible stickiness. 

It was learned that an attempt was made in August to remove 
certain irregularities on the surface and to raise the center of the 
crown by means of a light two-wheeled single-blade grader. This 
cut away the high smooth places on the surface, leaving the gravelly 
mixture exposed. However, the traffic compacted this surface and 
it bonded again in very good shape. There was and is now some 
roughness perceptible to automobile travel caused by the uneven dis- 
tribution of the material which was brought to the center for the 
purpose of raising the crown. 

Traffic on this mad is considerable, although it consists mainly of 
automobiles, carriages, and light wagons, since most of the heavy 
trucking enters the college grounds by another road. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOXVILLE, 
TENN., 1910. 


‘TAR AND OIL PREPARATIONS. 


The original report of these experiments was published in Circular 
No. 94, and reports of annual inspections are given in Circulars Nos. 
98 and 99, Office of Public Roads, and in U. S. Department of Agri- 
culture Bulletin No. 105. The sections were again inspected Novem- 
ber 18, 1914, and the following report was made: 

The weather had been dry for some time, and the temperature was 
slightly above freezing. No repairs have been made or maintenance 
work done during the past year. ; 


Section 1 (REFINED CoaL TAR—PENETRATION METHOD). 


This section is worn out, and the only places showing that tar was 
applied are those areas which were repaired a short time after the 
road was constructed. These patches stand out as islands about 2 
inches above the surface of the road. Along each edge of the original 
pavement is a border of the tar mat from 12 to 18 inches in width and 
of varying thickness, caused by bleeding of the tar. Between these 
borders the surface has worn down to the foundation course of stone 
except at the islands referred to. This course of stone is wearing 
unevenly, and save for a few places where the tar penetrated it is 


-water-bound macadam. It serves no further useful purpose as an 


experiment and should be rebuilt. 
Section No. 2 (REFINED TAR PREPARATION—PENETRATION METHOD). 


Between the south end of this section and a street intersection 340 
feet north, the surface is a succession of depressions and holes. About 
300 feet from the south end of the section the tar-treated wearing 
course is continuous across the pavement for a short length, affording 
the first opportunity of studying the cross section of the pavement as 
affected by wear only. From the street intersection northward for 
some distance the surface is in fairly good condition; and although it | 
is pitted with depressions of various sizes, there are few holes. In 
the last 100 feet there are quite a few holes, especially on the west 
side. This section should be reconstructed. 


Section No. 3 (O1r-AspHALT—PENETRATION MerHop). 


Except for a few depressions on the west side, the surface presents 
an excellent appearance. It has worn down to the wearing stone in 
places, resembling a bitumen-bound mosaic, but in no place has it 
lost its character as a bituminous surface, nor is there any evidence of 
raveling. Throughout the traveled portion the cross section is uni- 
formly well preserved. Such bitumen as was dug out with a knife 
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blade was tough and pliable. “The section will not require repairs to. 
keep it in serviceable condition, but should the other sections be re- 
constructed the depressions in this section ought to be brought to 
erade. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGSTOWN, 
OHIO, 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG 
AND TAR. 


The original report of these experiments was published in Circular 
No. 92, and reports of annual inspections were given in Circulars Nos. 
94, 98, and 99, Office of Public Roads, and U.S. Department of Agri- 
culture Bulletin No. 105. The following report covers an inspection 
made October 26, 1914, after a period of about 10 days’ rain: 


Section No. 1 (Biast-FurNAcE Sage). 


A length of approximately 65.feet of this section, beginning at the 
south curb of Mahoning Avenue, has been surfaced with a bituminous 
paving material and serves as an intersection apron to that avenue. 
Beyond the end of this pavement the section has not been disturbed, 
and it is in generally good condition. The ruts have become well de- 
fined, but they are shallow and wide, except for three depressions 
about 30 inches long in the west rut. In these depressions the binder 
has disappeared from the surface interstices of the stone of the wear- 
ing course, but the stones do not appear to have been loosened. The 
surface is otherwise smooth, uniformly worn, and free from large 
protruding stones. 3 : 


Section No. 2 (Buast-FurNaAcE Siac anp Jame). 


Wide shallow ruts extend the entire length of the section, and a 
few large stones about 3 inches in diameter protrude about one-half 
inch above the general surface. Aside from these, the section has a 
clean-cut appearance and does not appear badly worn. | 


Section No. 3 (Biast-FuRNACE SLAG AND WASTE SuLPHITE Liquor PREPARATION). 


The ruts referred to in the two preceding sections continue un- 
broken to the top of the slight grade near the middle of section No. 
3, and there is no noteworthy difference in appearance between this 
and the preceding section. About the same number of large pieces 
oi slag protrude from a unit of area, and there is no visible difference 
in wear. From the middle of the section down the grade to the be- 
ginning of section No. 4, neither the ruts nor the protruding stone 
are aS pronounced as in the north half of the section. 
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Section No. 4 (Buast-FuRNACE SLAG AND REFINED COKE-OVEN TaR). 


The middle third of this section has settled very unevenly. Sand 
and slag chips have lodged in the depressions, from several of which 
the tar has entirely disappeared; in others, the pavement itself is. 
disintegrating. The tar is hard and ‘‘dead,” and the stone and tar 
can be separated under heel pressure. The ridges between the de- 
pressions are cracking. : 

While not as uneven as the middle third, the two end thirds are 
beginning to fail. The surface is so full of irregularities that riding 
over it is uncomfortable. In no place does the surface seem to have 
failed, but the tar is dry and lusterless and can be readily separated 


from the stone. 
Section No. 5 (Biast-FuRNACE SLAG). 


Section No. 5 is still about 14 inches below section No. 4 at their 
junction. The northern two-thirds of this section is on a grade in 
a cut which shows evidence of seepage water. The surface of the 
road is rutted wider and deeper over this part of the section than 
over any other part of the experiments. However, there is no indi- 
cation of failure of the pavement through raveling in the ruts. The 
south one-third of the section has a very satistactory appearance; 
the ruts are not more than one-fourth inch deep, and the surface 
has a smooth, evenly worn, and uniform appearance. 


Section No. 6 (Biast-FurRNAcE S1aa). 


This section is wearing down into wide deep ruts. While in 
general the east rut is more pronounced than the west, there are 
several elongated depressions in the latter which have been swept 
clean of their binder and look as though they would ravel when dry. 
There are also three small spots in the section that seem to be the 
result of settlement rather than wear. The entire surface is mottled 
with large stone about 3 inches in diameter, protruding above the 
general surface. 


Section No. 7 (Buast-FuURNACE SLAG AND OpPEN-HEARTH SLAG). 


Some time during the summer, section No. 7 was swept clean of 
its screenings and dust, apparently in preparation for a surface treat- 
ment. In spite of this, there is no evidence of raveling. The whole 
section shows wide shallow ruts, with the large pieces of slag pro- 
truding. On the fill, from 100 to 200 feet from the south end of 
the section, the west rut is between 2 and 3 inches deep, and the 
depression over the culvert at the north end of the fill is a menace to 
traffic. : 

About 50 feet of the south end of the section was given a surface 
treatment of asphaltic oil during the summer when Price Road was 
treated. The treatment has worn uniformly. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., 1908. 


ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, AND MOLASSES- 
| OIL-LIME. 

The original report of these experiments was published in Circu- 
lar No. 90, and reports of annual inspections were given in Circulars 
Nos. 92, $4, 98, and 99, Office of Public Roads, and in U.S. Depart- 
ment of Agriculture Bulletin No. 105. No repairs have been made 
during the past year, and the followimg report covers an inspection 
made on October 5, 1914. 


EXPERIMENTS Nos. 1, 2,3, 4, 5, 6, aND 7 (ASPHALTIC PREPARATION—MIXING MerHop), 


The first four of these sections, which have been reported as 
badly worn and in need of resurfacing, have continued to deteriorate 
so that almost none of the original surfacing shows. All of these 
sections are badly rutted and fuil of holes, with the exception of one 
piece of road, about 30 feet in length, at or near the beginning of 
experiment No. 3. This is in practically perfect condition for the 
entire width of the roadway. 

Experiment No. 5 in its entirety is now in about the same condition 
as the first four experiments and is in need of resurfacing. 

Experiment No. 6 continues to be in very good condition. 

Experiment No. 7 contains about 20 places varying from depres- 
sions to holes, with about 14 holes which vary from 6 inches in diame- 
ter to an area of 4 square feet. It is evidently deteriorating rapidly 
through the “cupping” action. The three holes reported in Circular 
No. 99 as needing patching now show only traces of the binder, but 
there is a good mechanical bond in the foundation stone. 


EXPERIMENT No. 8 (RESIDUAL PETROLEUM—MIxING METHOD). 


| - The eight small holes which were reported in U. S. Department of 
Agriculture Bulletin No. 105 have developed so that they vary from 
6 inches in diameter to an area of 2 square feet. On this section there 
are indications of rutting and raveling near each quarter-point. The 
section should be patched and surface-treated if further deterioration 
is to be prevented, otherwise it seems probable that an inspection next 
year will show that 1t will need resurfacing. At the westerly side of 
Langdon Street there is evidence of a trench having been dug across 
the entire roadway in order to supply a fire hydrant, and the old 
material has been thrown back without any attempt at surface 
patching. 


EXPERIMENTS Nos. 9 anp 10 (REFINED WaTER-GAS TAR—Mixtnc METHOD). 


These experiments appeared to be in practically as perfect condition 
as reported in U. S. Department of Agriculture Bulletin No. 105. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN CITY, 
DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. 


SAND-CLAY. 


The original report of these experiments was published in Circular 
No. 90, and reports of annual inspections are given in Circulars Nos. 
92, 94, 98, and 99, Office of Public Roads, and in U. S. Department 
of Agriculture Bulletin No. 105. The following are reports of 
Inspections made in 1914: 


EXPERIMENT AT GARDEN CIty. 


This road was inspected November 10, 1914, and wheat hauling 
with 4-horse teams was in progress at that time. There had been 
practically no rain since June, but the road had not deteriorated 
seriously. 

There are no unrepaired holes. On the day of inspection 12 small 
holes and depressions were filled with fresh clay. There are five 
depressions varying from 2 feet square to 5 feet square which should 
be filled with clay before they are cut through. 

The entire section has gradually flattened and should be aealbariacl 
There are long wide ruts from one-half to three-fourths inch deep 
and the entire surface is finely pitted. It is not so rough, however, 
as to make riding uncomfortable. 

The road is being maintained by dragging and by filline worn 
places in the manner indicated. 


EXPERIMENTS AT DopGE Ciry. 


This road was inspected November 10, 1914. There had been no 
rain in this vicinity for some time and the soil was very dry. Wheat 
was being hauled to market, and the road was in such poor condition 
that the traffic from a large territory used a roadway 1 mile east of 
this. 

About two-fifths of the sand-clay surface was broken through, and 
the sand from below had come to the surface. The failure had 
taken place over irregular areas. In some places it was confined to 
the rut or to the middle half of the road. There were occasional 
stretches 30 or 40 feet long that were in excellent condition. Con- 
sequently, the surface was so irregular and so deeply cut that traffic 
was confined to the ditches entirely. 

The failure was no doubt largely due to the fact that the road had 
not been properly dragged after the heavy spring rains, and the weak 
places developed at that time were worn through by the heavy 
traffic during the long drought of the ensuing summer and autumn. 

The road is now beyond repair, and reconstruction is necessary. 
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EXPERIMENT AT BucKUIN. 

This road was inspected November 11, 1914, when wheat hauling 
had begun. 

The cross section of the es had gradually flattened, and two 
wide ruts (12 inches wide by 1 mch deep) had formed (eeunsbens 
its entire length. There were numerous places where the surface 
had begun to fail in the ruts, but only a few where the sand-clay 
surface had entirely cut through. The largest of the latter were in 
the immediate approach to the bridge. There were about 25 de- 
pressions and 5 holes through the surface. 

Outside the ruts a slight ridge had formed, the outer edges of 
which were overgrown with grass. The ditches were covered with 
a heavy growth of grass, but were well defined and open. 

The depressions and holes should be filled with clay, and the road 
should be reshaped with a grader to prevent the formation of second- 
ary ditches inside the existing ones. 

EXPERIMENT AT Forp. 

This road was inspected November 11, 1914. It was generally in 
- good condition except within 100 feet of the bridge, where there 
were three holes cut through the sand-clay surface. In the remainder 
of the road there were several depressions which should be filled 
with fresh clay before dragging the road. There were two ruts 
extending the entire length of the road, which were about 12 inches 
wide and 1 inch deep. ‘The ditches were well defined, and the road- 
‘way would be in excellent condition if it were dragged and repairs 
made at the places noted. 

SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOWLING 

GREEN, KY., 1907. 
| KENTUCKY ROCK ASPHALT. 

The original report of this experiment was published in Circular 
No. 89, and reports of annual inspections are given in Circulars Nos. 
90, 92, 94, 98, and 99, Office of Public Roads, and in U. 8. Depart- 
ment: of Agriculture Bulletin No. 105. The inspection on which the 
following report is based was made on November 5, 1914. 

The experiment has had no maintenance whatever, and owing to 
the accumulation of dirt on the surface it was impossible to make a 
thorough inspection. Such information as could be gained by clean- 
ing the surface in places and digging into depressions seemed to in- 
dicate that the condition was not greatly changed since the last in- 
spection. There are numerous holes throughout the west end, but 
the relative number decreases as the east end is approached. In 
many of these holes the rock asphalt has practically disappeared, 
and the remaining stones are loose. In areas where the rock asphalt 
has not failed the surface remains quite smooth. 
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